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Aveling & Porter, Ltd., 


RocuEgsTerR, Kent. 
and 72, Cannon Srreet, Lowpor. 

STBAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY, 
STEAM WAGONS. TRACTORS. 

CHMENT-MAKING MACHINERY. 6808 


arrow & Co., Ltd., 


= SHIPBUILDERS AND ENGINEBRS, 
Gow. 


GLAS 

SPEEDS UP TO 45 MILES AN HOUR. 

PADDLE OR SCREW STBAMBRS OF 
EXCEPTIONAL SHALLOW Daavexr. 


Repairs on Pacific Coast 
by YARROWS, y ose Victoria, British 


687 
SHIPBUILDERS, Sure REPAIRERS AND ENGINEERS. 


ellamy, 


ej ohn 
MILLWALL, LONDON, 8. 
General OonstavoTionalL Bweirenns, 


imited, 


Boilers, Tanks & Mooring Buoys 


Stinis, Perrot Tanks, Ark Reortvers, STEEL 


é Cum eys, Riverep STEAM AND VENTILATING PIPES, 


Hoppers, Speciat Work, REPAIRS OF ALL KiInps, 


les Limited, 
4 GINBRRS, BLAM, MANCHESTER, 
FEED WATER HEATERS 
CALORIFIERS A IVABORATORS, Row's 
CONDENSERS, AIR HEATERS PATENTS, 
STEAM amp GAS KBETTL 
Merrili’s Patent TWIN STRAINERS 
ETuAPS.RMDU 
SYPHONIASTHAM: PS APS. REDUCING VALV RS. 


ay ATEN SOFTENING and FILTERING. 6723 





A. G. Mumicrd, 7. t4. 


OULVER STREET WORKS, COLCHESTER 





6391 





On ApmreaLty ayy War Orvice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement, page 34. 

PATENT WATBER-TUBH BOILERS, 
AUTOMATIC FEED RBGULATORS, 
And Auxiliary as supplied to the 
; ‘eye 2179 
He2z Fuss Butcher & Co., 
ae AUCTIONEERS, 
ing in the 
sworwnnaine, "POUNDEY & METAL TRADES. 
or 
PLANT AND MAOHINGRY. 
63 any &, OHANOBRY LANE, 
LONDO. iN, iN, W.C. 2. 
*Phoue: Holborn 2205. 
Telegrams: Penetrancy, Holb., London. 
ranes.—Electric, Steam, 
HYDRAULIO and HAND. 
of all oes and sizes. 
GEORGE RUSSELL & OO., Lrp., 
Moth near Glasgow. 645) 


STEEL TANKS, PIPES, GASHOLDHRS, &c. 
rT thos. Piggott & Oo & Oo., Limited, 
Gee Advertionnant taot wesk, page 108. 
Plenty: and Son, 
MARINE aoatr anne. &c. 
Newsvnryr, Hye.anp. 
lank Locomotives. 
Spestiastios eed Waeuentee ‘escort 
Main Line Locomotives 


R. & W. HAWTHORS, LESLIE 2 COo., Lrp., 
Byerneers, Wawossr.e-on-Trsz. 6452 


[the Glasgow Railway 
— ore: Sea 


London Brn a = 8.W. 














RAILWAY CARRIAGE. W WAGON ‘AND TRAMWAY 
WHEELS & AXLES. 
CARRIAGE & WAGON ge also 
CAST-S XES. 6532 


TBEL AXLE B 
P & W. MacLellan, Limited, 
RAILWAY CARRIAGES AND WAGONS, 


CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
OF EVERY Di 


ESCRIPTION. 
RAILWAY IRONWORK, BRIDGES ROOFING, &c. 


Chief Offices; 129, Trongate, Guaseow. Od 8547 
Registered Offices: 1084, Cannon St., London, B.C. 


roller, Horsey,Sons & Cassell, 
SPROIALISTS 
in the 
SALE AND VALUATION 
PLANT AND MACHINERY 


and 
ENGINEERING WORKS. 
11, BILLITBR SQUARE, H.C. 3. 


] 2vincible (j2use (J lasses. 


BUTTERWORTH BROS, Lid., 
Newton Heath Glass Works, 
Manchester. 


Iron and Steel 


[['ubes and ce, Heme al 


The Scottish T Tube Oo., Lid, 


HEap Orrice: 34, Robertson Street, Glasgow. 
See Advertisement page 83. 














Od 915 








(Sampbells & Heer, L4 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up toe 3 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 4547 


¥ ache, Launches, or Barges, 


Built  ocmeaiate with Steam, Oil or Petrol 
Motors, ; or Machinery supplied. Od 3561 
VOSPER & CO., Lrp., oe PoRTSMOUTH 


ight iractarel ork 
Let § W. 


GARTSHBRRIB BNGINEBRING & FORGE CO., 
50, WELLIVeTON , GLaseow. 6961 











Q” FUBL APPLIANCES. 


Pressure, Arr, STEAM. 
For Boilers of all types. 
KERMODES LIMITED, 


35, The 5 te a =] Street, 


Liverpoo! 
109, Senteath say pS 
Naval Outfits a Speciality. 


4078 





ocomotives Tank ._, Engines 
MANNING, W. “WARDLE AND OO! AND COMPA 
See their Illus. Ahvettieeet. 5 page 123, 


(Cochran OROSS-TUBR TYPES. 
Bowers. 
See page 107. 6455 


RAILWAY AND TRAMWAY ROLLING STOCK. 


urst, AJ elson & (‘\o., T td. 
Sao be STock ‘C me ee 
MorHERWELL. Od 3383 


“Gripoly p 


MACHINE BELTING 


FOR 
Drivize 


onveying 
C 


, LIMITED, 
Od 2487 
last week. 


MULTITUBULAR AND 











Fylevating 


Sora MANUFACTURERS 


Lewis & Tylor, Ltd., 


CARDIFF. 
MANCHESTER. 


Ne Chicago Automatics, 
Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 12 in, through the wire feed. 
JOHN MACNAB, Many Sraeer, Hrps. 
Tel. No.; 78 Hyde. 


7036 


Lempon. Guaseow. 





6874 





and 


r['ubes Fittings. 


G tewarts and Ljovds, LL 


Glasgow and Birmingham. 


See Advertisement page 54. 


Rubber 


Packings 


6462 





MANUFACTURERS 


* Redstone ” 
* Bluestone” 


GUTTA PERCHA & RUBBER, LIMITED, 
Canada. 6702 


lants (a) 


Toronto - - 


COz 


for Chemical Wks., anaes Water Mfrs., Breweries, 
and all CB se ow tet eAD & OAMPR: hee 
109, 1¢ Valorem, London. 


ic Finished ( astings 


rite oie ae eae Simonton, 
rittall. 


London, N. 18. 
S rittall. 

CHEMICAL L ABALYSIS. 
Physical Tests. 
Microscopical Examinations. 
Heat Treatment & Pyrometer 

"Tests. 

Critical Range Determinations. 


ScaLe oF Fees on APPLICATION. 
THE OCRITTALL MANUFACTURING OO., Lrp., 
BrarmTrer, Besex 











Chief Metallurgist, H.S. PRIMROSE. 


(jrittall. (jrittall. 





and.—Fresh Water Silver C 


GREY SAND, Coarse or Fine, in truck loads. 
—For prices and sam samples, write THE MORETON 
SAND & GRAV 0O., Moreton Station, 
Dorchester. L320 


CHANTIBRS & ATELIBRS 


A veustin - Normand 


67, rue de Perrey—LE HAVRE 
(France). 





Destroyers, T: Boats, Yachts and Past mh 
8u Boats. 


e and Submersible 


NORMAND'S Patent Water tubs Bollers, Coal or Olt = 
Heating. Diesel Oi] Hngines. 





ocomotives, 
LIGHT, 
Types. 


Builders of 


HBAVY and 
All Gauges and 


Address ; + Bape 


«ii Batery Place, New York 


3, Londen Wall Biden, England, 
Cal wt ve Sonne ‘ORK, A eee 
New Catalogue 12 A mailed'on 


Yarrow Patent 


ater-tube oilers. 


6817 
YARROW & CO., UNDERTAKE the 
PRESSING and MACHINING of the various far 
of Yarrow Boilers, such as the Steam — 
Pockets, and Superheaters for British and 


Firms not are Sgt necessary footie. aaa 
YARROW & CO., Lrp., Scorsrour, G 


Motthew pa & CO» Li 


Luvexrorp W. 60b4 
See Full Page Ad Advt., page 70, beste a 


Froreings. 
Watts Somers Go, lad, 
He Yrehtson & (o., 


LIMITED. 


See Advertisement page 48, Oct. 25. 


['sylor & (jhellen 


Presses. Br 


TAYLOR&CHALLEN, Ly., Engineers, Bramivensu 
See Full Page Advertisement Oct, 16. 

















Railway 
G witches and 


(jr ossings. 
?. ea & .—_ LIMITED, 





as and Oil Engine Repeirs. 
—B, J. DAVIS & aoe Great Hastern Road 
Stratford, BH. 15. 
Tel. : 136 and 737 Stratford. 
Gram.: Rapidising, London, 1794 
ement.—Maxted & Knott, 
Lrp., Consulting Cement ADVIS 
GENERALLY proposed t Sche 
ENGLAND AND ROAD. ADVICH ONLY. 
Highest references. hed 1890, 
Address, Burnett Avenve, Huw. 
Cablegrams : ‘‘ Energy, Hull.” 


Mechine and Enginee 


WORE ¥ all 9 apps wees = 
a &c. Also repairs and 
renewals. Best work moderate charges—-ROSSER 
& RUSS een’s Wharf mmersmith. 
NEW P —Rosszr & Russsx1, Ltd., 
teeta een 
at present made abroad. eas hear 
from firms desiring such work Saecles. 
STHEL JOJSTS, 
STEEL CHANNGLS, 


BRIDGE RAILS, &c 


Fleming Bree: ‘ 


STOCKHOLDERS, 104 
66, BATH STREHT, GLASGOW. 














R Y. Pickering & Co., Ltd., 
. (BeTaBLisHED 1864.) 

BUILDERS of RAILWAYOCARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLES of all kinds. 
RAILWAY WAGONS FOR HIRE. 

Ohief Works and Offices : 
WISHAW, near GLASGOW. - 


London Office: 
3, Vicron1a Srreer, Wesrmixeren, 8.W. 





(\entrifugals. 
Pott. (\aseels & ‘Williamson, 


MOTHERWRELL, SCOTLAND. 


7008 
See half-page Advertisement page 55, Nov. 1, 











2 


ENGINEERING.: 


[Nov. 8, ro18. 








r[the Manchester Steam Users’ 


ASBOCIATIO 
For the Prevention sf Giaem Beller Baplosons and 
for the ef Economy in the Applicatien 


of Steam. 9 ee Srreer, 
Chief H. STROMEYER, M.1.0.3. 
oats wees oy ee 
Works h. vast, 1908. alent puma 
and T Lisblities paid in case of Explosions. Engines 
and Beilers inspected during constructien. 466 





ptical Societ 


ty.— -—Meeting, 
THURSDAY, os 


At IMPERIAL COLLEGE OF "SCIENCE AND 
BCHNOLOG + te 


x 
Seuth Kensin 

The seme communications will ve submitted— 
(4) Some generalised forms of an Optical 

Equation, oy Smiru, B.A. 
(B) Notes on the designs and manufactures of 

Bimoculars, by H. 5. Ryrtanp. 
Samples of binoculars and die castings from 

various British manufacturers will be exhibited. 

Forms of proposal for membership should be 
received by 13th November. O 458 


bi yet Be pene 





Currents 
Wireless Course, Ferro-Concrete, Re ee 
Pract, Maths. and ye —PENNI TONS, 
University Tutors, 254, Oxford Rd., Manchester. 





THNDBBS. 
PRIZE COURT SALE. 





IN PRIZE. 
By ORDSR and for ACCOUNT of ine MARSHAL 
of the ADMIRALT 


co ee Sold by Public 


About 500 fol TINPLATES lying 
at Hull ex “ BSROM.” 

To be sold subject to Government restrictions as 
to export and to the regulations of the Ministry of 
Munitions, 

fa oe gr in envelopes marked “Tender for Tin- 

tes,” and addressed to THE ADMIRALTY 

AnsHAT. Royal Courts of Justice, Strand, 
London, W.C.2, must be received not later than 
NOON on WEDNESDAY, 27th NOVEMBER, 1918. 

All further particulars may be obtained from the 
Sellin, € Brokers, MORRISON, KEKEWICH & CO., 
He ‘esham House, Old Broad Street, London, 

Oo 


TO_BE SOLD BY TENDEBR.—A Pros} 
ENGINEERING CONCBRN in the West 
of England. 
Messrs, FULLER, HORSEY, SONS, & UASSELL 
are instructed by the Proprietors, who are retiring 
from business, to invite 


[lenders for the Purchase, in 


one wots “ a nhaes omer ane 


(except book debts) of an old established 

st an ti) WORKS and FOUNDRY 
in an important town ia m4 West of England. The 
property is freehold, with buildings 


noone egui 
ODB ire. and MACHINERY, 
ond the Stock, Stores, and Work in progress; as 
GOODWILL OF THE BUSINESS, 

together with the valuable collection of patterns 
and drawings will be included in the purchase. 

Tenders must be in the form contained in the 
particulars of sale, and should be delivered under 
seal at the offices of Messrs. Fuller, Horsey, aud Co., 
net later ee Bay Dar” .m. on 





December 10th, 1918. 
Particulars s with plans and conditions of sale, are 
in course of peageration, and when ready may be 


tained ( 
i POLLH i Bohai Bons & CASSELL, 
ge E.C. 





CITY OF NOTTINGHAM. 


THE beer =) AND D WAYS OCOMMITIERB 
to receive 


r[lenders: for the Supply of the 


under-mentioned STORES and MATERIALS, 
the contracts to commence on the Ist January neat, 
ona) Oc to no a on the 31st December, 1919 :— 
B Bioe' Liss Lime. 
(o Red Bricks. 
D ame Bricks, 
mber. 


F) nl Pipes, ~ 
‘a Stoneware a . (Patent Joints). 
H) Iron Castin, 


Iron Galleys, &c, 
p Yorkshire Kerb, &c. 
2) Granite Sets, Kerb, and Broken Granite. 
) Pings, &o. 


Ironstone S , Chi 
L — Gravely” " 


YN) Piel Pike, Shovels, Scoops, &o. 
1 Iro' nomena. ache D 

v ot! rush 
‘Q) Q) Dislatestests SS 


ms of Tender bo cneaet oe applying 

Mr. Anraurn Brown, M.Inst.0.B., ty Bngine 

Guildhall, Notti ham, on saamias oe a 

of 5s. each, w wilh be returned on 

of a bona- fae tender, in escestnmmh % with "see 

specifications, Eerie viding such tender is not with- 

my and is ¢ vered by ay be in stated below. 
tterns and sam: “s ma: nepected at th 

Rastcroft - ° 

The committee will not plies =. any “tender 

except on the authorised form of 

pene be delivered ag the Underigned in the official 

nvelo; on 

Nove = — or Thureday, 28th 
© lowest or an Tender wilt net necessaril be 

=: and 


W. J. BOARD, 
Town 


Guildhall, N 


gud November g 


918. 


446 STORES. fate teed, BROADSTO 





AGRICULTURE AND DAIRY MACHINERY. 


[lenders a1 are Inyited for 


the go Sar of 10-gallon 
pwd == URNS of a standard 
a cenaer forms, 


Bae i cpaudhom may be made not later 
ovember léth, 1918, to the CONTRACTS 
DEPARTMENT, ©,E: 6, Mnovuisrxy or Muyrrions, 
, 5.W. 1, where a sample Churn 


2 will be on view. Applicants ‘should state mae x1 


mately their estimated weekly output. 





MIDLAND GREAT WESTERN RAILWAY 
OF IRELAND. 


CONTRACTS FOR 1919. 


The Directors of the Midland Great Western 
Railwey of Ireland Company are prepared to receive 


[lenders for the Supply y of the 


undermentioned STORES. The Contracts to 
commence from the ist of Janua 

terminate on the 3lst of December, 1919. 
No. of 


No. of 
Form. 


Form. 

Asbestos and Packing Oils aero oe 26 
Barrows and Trucks... Paints, Colours and 
Baskets and Mats... Wallpa ° 
Brushes, Brooms, &c. Ropes and Canvas ... 28 
Brass Fittings for Gas Rail Fastenings, Iron 29 

and Water ... Rail Fastenings, Steel 30 
Bolts, Nute and Rivets Screws, Split Pins, 
Bricks, Slates, Harthen- Nails, &c. . $1 

ware Pipe, ke. 
Chain ... ee 
Cement.. 
Candles and Soap 
Carriage Fittings 
Carriage Trimmings... 
Creosote Oil.. ose 
Drysalteries .. eee 
Fog Signals ... 
Farm cing Boxes iba 
Glass 16 


Grease .. ooo = vee 07 

Gas Mantles, &c 18 

Iron & Steel Forgings 19 

Iron Castin, 

India Rubber Goods” 

Lime 

Leather and Belting 

Lamps and Tinware ‘arpa’ 

Locks, Rainwater Waste and Wicking | 
Goods & Hardware 25! Yorkshire Iron 


Forms of Tender can be obtained, on 
6d. each, from the STOREKBEPRR, 


next, and 


Sheet Tin. Lead, Gun 
Barrel, 
= ol Tyres, ‘Axles and 


Steel wr “Co per 
Tubes,CopperPlates 
and Ingots see . 34 

Steel Castings 

Staffordshire 
Wire, &c. 

Spring» Bteel, 


galt ‘aot 
Timber, &c. ... 


Iron, 


and 


20} Tools ... ese ee 
21 | Tool & Barrow Shafts 
22| Varnishes... 

23| Wagon Covers and 
24 Ti uline .. 





ment of 

NBRAL 

NE STA- 
TION, DUBLIN. Please do not send Stamps. 

Patterns and Samples can be inspected at the 
same place on and after Ist prox., between the 
hours of Ten a.m, and Four p.m. (Saturdays, Ten 
a.m. to Twelve noen). 

Contractors cannot be allowed to Tender to supply 
goods to their own patterns, nor can the Company's 
patterns be sent awa: i for inspection. 

The Directors will not consider any Tender 
unless furnished on the Company's forms; nor 
any Tender in which any alterati ion of the form 
has been made. 

The Tenders to be sent in by Dost, sealed and 
endorsed on the envelope, “Tender for Stores, 
Form No. “and addressed to “The Chair- 
man, Broadstone Btation, Dublin,” so as to reach 
him on or before Ten a.m, on the 19th November. 

The Directors do not bind themselves to accept 
the lowest or any Tender, 


B. 
7% PRRCY A. HAY, 
Broadstone Station, Dublin, Secretary. 
October, 1918. O 439 








Sie Se Wanted for South| 
know! 





Sao Wanted for Mid- 


lands. Some engin knowledge. Salary, 

and pennant ro nce oa 

sal expected.—Address, O ices of Ena@i- 
NEERING. 0 430 


SOUTH METROPOLITAN GAS COMPANY. 


[ie | South Metropolitan Gas 


pany in order to complete the replace- 
ment of losses due to the war in its En: ring 
Chemical and Commercial staff, is PR PARED 
to CONSIDER APPLICATIONS from PERSONS 
who are, or who have been, in His Majesty’s Forces. 
Every application must state the nature of the 
services ven m to the nation and be addressed to 
the SECKETARY, 709, Old Kent Road, 8.E. 15. 
5th November, 1918. Oo 


equired for an Important 
provincial Gas Com ~a ,an experienced and 
ully cualified CONSTRUCTIONAL ENGINEER, 
wit special knowledge of modern Gas Works 
Design, and Coal Han ting Plant. Salary sppro- 
priate to qualifications.—Write, giving fall parti- 
culars to O 386, Offices of ENGINEERING. 


Wanted at Once, Mechanical 


ENGINEER, with knowledge of electrical 











32| work (D.C. motors and li hting), motor vehicles, 


steam and petrol. dress, Wancnaetes 


. 33| BREWERY Co., Lrp., Winchester. 





W anted, Engineer, to act as 
Chief Assistant in Aero Raspes Testing 
Shop in Midlands. Must have Petrol Engine ex- 
perience and hold nop nea De ny or equivalent 
ualification. No . employed on 
overnment — i be ¢ ng heey, | in first 
instance, stati ng. i Be pe your 
nearest EMPLOYMENT BEX HANGE. “mentioning 
No. A 6138. 





anted, a Gentleman of|« 


ineering and Commercial experience, 


43 | if possible mit experience in the Motor Industry, 


to fill an important post in Australia in connection 


45 | with propaganda on behalf of British Manufacturing 


interests. Applicants with a thorough knowledge 
of Australasian conditions will be given preference. 
The highest references will be required.—Address. 
O 378, Offices of ENGINEERING. 


ssistant Chemist Required, 
for Eugineering works near London. Must 
be well up in Iron, Steel and Non-ferrous Analysis. 
No one resident more than 10 miles away or em- 
Jw on Government work will be engaged.— 
a — stating experience, age and salary required, 
to O 366, Offices of ENGINEERING. 





Africa.— Wanted Co - 


> a with First Class Bosra 
Trade supervision experience, t 
take c of feet of River-craft and small repair 
shop. Liberal salary to capable and steady man.- 

Write stating be page age, etc., to CON- 
SULTANT, care of Cuas. GranaM & Co., 14, Water 
Street, Liverpool. O 338 


anted, An Engineer 

to to IND and there assist 
establishing Small Machine T. of British make. 
Sound engineering — combined with com- 
mercial mye ke FE —e as oy essential. 
Preference to discharg and unmarried 
man.—Address, Box 4, ee ieee 121, Cannon 
Strect, London, B.C, 4 0416 


r['eacher with Engineering 

ualifications is REQUIRED for the Austin 
Pechnizel School. Applications stating qualifica- 
tions, experience and sa uired should be sub- 
mitted at once to the T ICAL DIRECTOR, 
Longbridge, near Birmingham. O 406 


N’S Architect Wanted for 


design of Reinforced Concrete Cargo Boats. 
concrete specialist knowledge required. 
Opening for capable man well up in fittings, 
machinery and lay out. No person at present engaged 
on Government work need og om ply, with 
fuil arg to your nearest PLO YM MENT 
BXCHANGH, quoting O 374 and this Journal. 


Maezine Engineer Required 
for British North Borneo. Salary £490 to 
£595 with travelling allowance. Pensionable, but 
_ ear’s probation. P: Ay .—Applications 

essrs. GREGORY, EYLES = WARING, 
12. Dean's Yard, Westminster, § O 444 


hief Draughtsman. “Wanted, 
‘4 a well-known firm of Engineers and 

Shipbuilders, a First class MAN to take charge of 
Shipyard Drawing Office. Must be conversant 
with Admiralty practice and capable of designing 
and preparing plans and calculations for moderate 
size merchant work steam yachts, and passenger 
vessels. Noone already employed on Government 
work will be —_ - 

rience, and salary 
E PLOYMENT EXCH 
Journal and O 411. 


[)tughtsman.— Experienced 
Constructional Engineering DRAUGHTS- 
MA REQUIRED.—Apply by letter, stating age, 
full — of experience, salar uired, and 
ane ty tor military service, toOHLEF B GINEER, 
09, Leadenhall Street, B.C. 3.—No person already 
poe Fae on Government work or residing at a 
distance of more than 10 miles away need apply. 


bi West 

















wired, stating age, 
to your nearest 
» mentioning this 





12 


12 


Pzazghtsmen Wanted, te 


firm of Electrical Engineers in Midlands, 
with | good mathematical and mechanical training, 








Pagineer Wanted for Chemical 


ks, Box No. M 923.—This POST is now 


FILLED, and we herewith thank all those who | & 


have kindly sent applications fopthe same. O 463 


Wanted Assistant Chemist 


with experience in the analysis of iron, 
steel, and non-ferrous alloys, for large works in the 
North of England. -No ena! at present engaged on 
pr rae work ane ai apply, Write statin ng ene. 
rience and w to nearest EMPLOY- 
M NT BXCHAN got No. A.6182. O 166 
Large Firm, Engag e. in 

the Be industr in o.. a ee 
VACANCY for an ASSL he 
position offers an coethens vp ty oy = w.. 








energetic man not afraid of work.—Apply, in first 
instance, stating age, experience, place of education, 
and full partice ars, ( 241, Offices of ENGINEERING. 


frm in Yorkshire District|* 


REQUIRES services of ENGINEER under 
30 years of age, preferably one helding first-class 
B. of T. Certificate and capable of inspecting and 
reporting on steam plants. Noone already engaged 

















APPOINTMENTS OPEN. 
Me ger Required for Small 
cipal Foundry in] in ong Kong, which is being 
and reorganised. Se icante must be able 
te eye i and superintend the phew ine out of modern 
steel foundries, including crucible, electric and 
open hearth furnaces. po from suitable 
men would considered. — Apply, 
ptr age, Aa cong a ae salary re- 
references, X -759, care of 
THWAIT & Summons, ae | Birehin Lane, B.O. 3. 
M 718 
anted, Works Manager, 
with special knowledge of Accumulator 
pean, Lang anges with experience of Traction 
batteries. pe geese, energetic and good 
organiser. aivatlont ons = contain full par- 
ticulars of experience and sa 7 required, Only 
first-class men need apply. iar) ress, © 284, Offices 
of ENGINEERING. 
W anted Purchasing Clerk 
should have experience urchasing 
Electrical Stores and Fittio, nee. Works Stores, etc. 
Applications must contain ful iculars of ex wa 
ence and salary required.— Address, O 285, O) 
of ENGINEERING. 
W anted a Cost Clerk, Pre- 
ferably with experience in Cable and Elec- 
—~ manufacture. Must be Stee. of instituting 
ng detailed Costi Department. 
‘Applicat must contain fall partioutar of expe- 
rience and salary required. O 286, Offices 
of ENGINEERING. 
«| W anted, a poag OL 
See & arm hands) in North 
7noe totake ateel of Je prod ion Works 
e uc on 
scale. Highest pest-ont prexpeore. an y 
employed on Government work will be — 
, your — EBMPLOYMEN = EXO GE, 


Journal and O 1 


mentioning 

Req uired Capable Man as As- 
paane T for —s ane and Engineeri 

— of es Department of an ak wpe ere 


fail fall parlculars of ex tl 


from past Pagers, 09 5. zo tnd copy vesties 
em 4 care BACO! 
Ree ==, B.C, 3. oO 283 


d, cena ey to 








on Government work will be en .—Apply to 
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NOTE ON THE EFFECT OF TEMPERA- 
TURE ON THE RESISTANCES OF SPARK 
PLUG INSULATIONS. 


J. D. Morean, A.M.L.C.E., M.LE.E. 


In the following is described an investigation 
of the effect of temperature on the resistances of 
insulations used in spark plugs for internal- 
combustion engines. The particular question on 
which information was desired was whether the 
conductances of plug insulations at temperatures 
likely to be found in engine cylinders are sufficient 
to short circuit the high-tension system of a magneto 
or induction coil and thereby extinguish sparking 
at the plugs. There seems to be no widespread 
agreement among engineers as to the temperatures 
to which plug insulations are raised in service. 


electric muffle. A megger was connected by wires 
with the central electrode and the body, and the 
temperature of the muffle interior was indicated 
by a thermo-couple instrument. Before each test 
the plug was heated for 1 hour at 500 deg. C., and 
the resistances were taken at intervals during the 
subsequent cooling. The results are shown in 
Fig. 1, where resistance in megohms is plotted 
against temperature. To avoid the confusion of 
lines which would be inevitable in a small-scale 
diagram the results have been grouped. A and B 
were practically identical, as also were C and D. 





The temperature difference between the two pairs | 


at 100 megohms resistance was 20 deg. C. The) 


of 60 Ib. and 90 Ib. per square inch, the sparking 
voltages being respectively 6,400 and 8,800. As 
would be inferred from the general characteristics 
of these two types of spark generators the magneto 
was capable of overcoming a larger plug leakage 
than the induction coil. The results of the test 
are shown in Fig. 2. In this diagram the leakage 
resistance just sufficient to extinguish sparking is 
plotted against sparks per minute, the latter being 
adopted instead of revolutions per minute to make 
the tests on the two machines comparable. 

It is not easy to get at a glance the full 
significance of the diagrams shown in Figs. 1 and 2 
when combined in a single diagram. The results 


differences between E, F and G were sufficiently | have therefore been differently expressed in another 
small to justify their collective representation by a | diagram shown in Fig. 3. Here the results are 
single line. When indicating 100 megohms resist-| brought together, and instead of showing leakages 


ance F was at 10 deg. C. higher temperature than E, in terms of resistance they are shown by the 
and G 20 deg. C. higher than F. A mean line has | reciprocal of resistance, namely, conductance. As 
been shown in the diagram. H, I and J were| will be seen, the conductances of all the plugs 
practically identical, also K and L. Only one | (excepting M) rise in differing degrees after certain 

| temperatures have been passed. The conductance 

|or leakage necessary to extinguish the magneto 
| sparks rises with the speed of the machine, whilst 


The temperature differs considerably in different 
engines. Some are of opinion that plug insulations 
need not be designed to resist a higher temperature 
than 300 deg. C., whilst others are of opinion that 
temperatures as high as 600 deg. C. may be expected. 
Satisfactory operation of a spark generator, whether 


, Fig.2. 
it be a magneto or induction coil, depends on, among 





other factors, adequate plug insulation. It is 
important to know, therefore, exactly how com- 
mercial insulating materials behave under tempera- 
ture conditions likely to be found in an engine. The 


results of temperature tests on plug insulations 
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tors, but so far as the writer is aware they have | 500 


not been associated with figures which show the 
limits at which fall of insulation resistance renders 
a plug useless. As is well known, certain types 
of insulating material show a rapid drop in resistance 
above a certain temperature. It is also well known 
that both magnetos and induction coils are capable in 
different degrees of overcoming the adverse effect 
of some leakage at the plug without serious deteriora- 
tion of the sparking. With the object of bringing 
these two facts into quantitative relationship, the 
investigation was divided into two parts, the one 
dealing with the effect of heat on plug insulation 
and the other with the effect of plug leakage on 
sparking. 
Thirteen plugs by different makers were chosen. 
are designated by letters, and the country 
of origin together with the nature of the insulation 
are given in the following table :— 


Plug. Insulation. 


County of Origin. 
eon Céramic.* 


U.S.A. 


ool 


France 
Great Britain 


Germany am 
France 


Great Britain 
USA. i 
* Trade term “‘ porcelain.”’. 


Each plug was tested as a whole, that is to say with 
the insulation contained in its metal body as in 


Mica. 


Ze moemOmsya 


service, and each plug in turn was heated in a small | 
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plug (M) gave an infinity resistance reading at 
deg. C., and the insulation in that case consisted 
solely of a mica wrapping. In the other two mica 
plugs, K and L, mica washers were used. 

From the rapid manner in which the resistances 
fall off above certain temperatures it might be 
inferred that the insulations were practically useless 
above those temperatures, but it must be remem- 
bered that the resistances are recorded in megohms, 
and a resistance as high as 1 megohm would appear 
very small on the diagram. Perfect plug insulation, 
though always highly desirable, is not absolutely 
essential to proper operation of a spark generator, 
and before any judgment can be pronounced on 
the serviceability of the plugs tested it is therefore 
necessary to know what leakage at a plug will 
completely prevent sparking by a magneto or 
induction coil. 

For the purpose of obtaining this information a 
plug was secured to a compressed air chamber (of 
the kind frequently used for testing plugs and spark 
generators), and in parallel with the plug was 
arranged a variable water resistance. This system 
was connected in turn to a magneto and an induction 
coil, and the resistances just capable of putting 
out the sparks at different speeds measured by a 
megger. The magneto (of British manufacture) 
was of the rotary wound-armature type giving 
two sparks per revolution, and the coil (made in 
the United States of America) was of the usual 
cam-operated interrupter type working with a 
6-volt battery. This particular coil was designed 
for six-cylinder engines, and was constructed to 
give sparks of approximately uniform energy over 
a normal working range of speed. Each apparatus 
was tested with the plug gap under air pressure 








Fig.3. 
2 ve N°7 Magneto with plug under 60tbe.air 
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with the induction coil it falls slightly. In both 
cases increase of spark voltage as determined by 
the air pressure in the test chamber diminishes 
the permissible leakage. The induction-coil tested 
is clearly not so well adapted to deal with plug 
leakages as the magneto. As regards the plugs, 
it is obvious that the permissible leakage must never 
be sufficient to extinguish the sparks. From the 
tests it is shown that in the case of plugs A to D, 
working with the induction coil when giving 3,000 
sparks per minute under the conditions of the test 
indicated by line 4, sparking would disappear at 
a temperature of 340 deg. C., whilst with the magneto 
under conditions corresponding to line 2 sparking 
would disappear at 500 deg. C. Similarly, in the 
case of plugs E to G, sparking by the coil under 
line 4 conditions would disappear at 480 deg. C. 
and not at all with the magneto. In the case of 
plugs H to M, temperatures up to 500 deg. C. would 
have no effect on the sparking produced either by 
the coil or the magneto. : 

In interpreting the results of these tests it is 
necessary to bear in mind that the spark voltages, 
whilst of the order used in the testing of spark 
generators, are undoubtedly higher than are met 
with in engine practice. There the spark voltage 
is usually of the order of from 5,000 to 6,000. The 
difference between these figures and those of the 
tests may be accounted for by the higher temperature 
of the engine gases. In the tests the temperature in 
the compressed air chamber was that of the 
atmosphere. 

The net result of the investigation on the practical 
side is, in the writer’s opinion, that insulation 
leakage due solely to temperature as found in the 
plugs tested is not so serious as curves such as those 
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shown in Fig. 1 might indicate. It is, however, 
always desirable to keep plug leakage at high 
temperatures as low as possible, and leakages 
as high as those found in plugs A to D should be 
avoided. 

The writer's acknowledgments are due to 
Mr. Ahmed M. Mehrez, B.Sc., for his assistance in 
carrying out the experiments on which this article 
is based. 





JAPANESE SOCIETY OF NAVAL 
ARCHITECTS. 

Tus society has been very active during the 
past year, as in previous years. In 1917, its 
principal meeting took place in November ; thereat 
five papers were read and discussed, viz. :— 

1. ‘Devices for Comparing the Rotation of Shafts,” 
by Professor Tuyehiro, D.Eng., and Mr. T. Tsuchiya. 

2. “ Measuring CO2 in Chimney Gas and a New CO; 
Recorder,’’ by Mr. A. Naito, Consulting Chemist. 

8. “* Weight Constituents of a Cargo Ship,” by Mr. H. 
Hashiguchi, Superintendent Engineer, Nippon Yusen, 
Kwaisha. 

4. “'The Stokes Wave and Trichoidal Deep - Sea 
Waves,” by Professor 8. Yokota, D.Eng. 

5. “ Repulsion between Two Ships, Based on Model 





shipyards are entirely occupied with the construction 
of wooden vessels. 


Devices ror COMPARING THE ROTATION OF SHAFTS, 


Messrs. Suyehiro and Tsuchiya, in their p&per. 
begin with a general explanation of the purpose of a 
synchroscope as an apparatus to detect the com- 
parative speed of two shafts, and if possible their 
relative phase; they mention what has been done 
by others in the same field and then describe two 
forms of instrument for which they are responsible. 
In the first the underlying principle is the same as 
in Professor Suyehiro’s torsion-meter, described at 
the Institution of Naval Architects, London, in 
1914*; the principle is that an object rotating with 
a shaft can be made visible by placing a mirror 
parallel to the axis of revolution at half the distance 
of the object from the axis ; in this case the image 
of the object in the mirror appears stationary at the 
axis. In Figs. 1 and 2, wheels W, and W, are 
shown at the end of two shafts s, and s,, outer and 
inner, connected directly or indirectly with the 
engine shafts under observation. Marks m and m' 
are painted or cut at equal intervals around these 
wheels, on the inner surfaces of their rims; in W, 








Experiments,” by Mr. H. Makita. 


these intervals are equal to the pitch of the clutch 








(629.4) 


A summary of the first three of these papers is 
given below. Mr. Makita’s paper was illustrated by 
cinematograph rolls. 

In March of the present year a short session was 
held, at which two papers were read :— 

i. “ Air Lubrication and Lubricating Oils,” by Mr. 
N. C. Bruhn. 

2. “Cause of Failure of the Quebec Bridge,” by Pro- 
fessor Hiroi, D.Eng., C.E. 

In April another session took place, and three 
papers were read :— 

1. “ Female Workers (in Se in Shipbuilding and 


Marine Engineering,” by Mr. 8. Oshi, Chief Surveyor of 
the Mercantile Marine Bureau Proving House. 


2. ** Diesel Engines for Main Propelling Machinery of 
Cargo Ships,” toy Postomer Baron ‘Shiba, B.Eng. es 
These papers treated the subjects dealt with in 
a somewhat popular style. Still more popular 
were the excursions made in connection with the 
meeting. The Navy Department experimental tank, 
for ascertaining resistance of models, &c., was 
visited by special permission. The work done at 
the tank in connection with resistance screw pro- 
pulsion, rolling of ships, hydroplanes, submarines, 
&c., was carefully explained to the visitors. The 
naval arsenal close beside the experimental tank, 
was also visited. The Tokyo Ishikawajimia Ship- 
building Company's works formed a very attractive 
centre. These works have been greatly developed 
recently, both generally and in shipbuilding plant 
particularly ; steel am four in number, some as 
large as 3,000 tons deadweight, are under construc- 
tion. Engines and boilers for ships built elsewhere, 
for instance, all those of the Asamo Shipbuilding 
Company, are manufactured here. The building of 
travelling cranes and shipyard tower cranes has long 
been, and still remains, a large part of the staple in- 
dustry of the firm. The Tokyo branch of the Niigata 
Ironworks, which were visited, have in hand many 
varieties and sizes of motor engines for fishing and 


Various other shipyards (some very small) within 
the Tokyo area, were also visited. These small 

















which is to engage either one or other engine to the 
main shaft; in W, the intervals are double. The 

of the apparatus then is to make the marks 
visible, and this is done by the mirrors M on the 
wheel W,. Opposite each mark m parallel to the 
axis and bisecting the distance from axis to m; 
as the marks m appear successively, each in its 
mirror, and always at the axis of the shaft, they 
give the impression of a fixed mark there. The 
marks m' on the wheel W, are also visible in the 
mirrors M, but unless the shafts are in synchronism 








* See EncrveerineG, vol. xcvi, page 459; vol. xcvii, 
pages 485, 821. 


they are not fixed but move one way or the other 
according to the difference in the peripherical speeds 
of the wheels, the motion having the appearance of 
occurring on a cylindrical surface passing through 
the centre of the shaft. One objection to the 
instrument just described is the use of glass, the 
breaking of which would render the instrument 
useless. A modification of the idea produced the 
second form of instrument described. Slits equal 
in number and interval to the indicating marks in 
are cut in the cylindrical rim of the pan-shaped 
wheel W, (see Figs. 3 and 4) ; looking through these 
slits the marks appear as stationary, in virtue of the 
old-fashioned zoetrope principle. Similar marks m, 
on W, viewed through the same slits are seen 
intermittently, crossing the marks m in direction 
determined by the relation of speed of the two 
shafts. 

Thus far the apparatus is complete, as long as the 
speed difference is not too much to cause visual 
confusion ; to deal with wider differences, a third 
wheel W, is added ; it works loose on the two shafts, 
its hub in contact with the hub of W, and its lower 
surface resting on ball rollers in the boss of W,; 
it would move if otherwise unrestrained at the same 
speed as W,. Pins are screwed into the flat bottom 





Fies. 1 to 4. Devices ror CoMPARING THE RoTATION OF SHAFTS. 


of W, and short circular slots Q cut in W;; these 
slots are in length just sufficient to allow of the 
relative position of W. and W, changing to the 
extent of one-half the interval of the marks m ; 
thus if the speed of W, is greater than that of W, 
it carries W, until the pins stop in in the one direction 
if less it holds W, until the pins stop it in the other 
direction ; to indicate the change, openings O are 
cut in W, as shown in the figure, and the inside 
surface of W, is painted in two different colours, 
every alternate section—corresponding to one-half 


of the interval of the marks m—having the same 
colour. Thus when W, overruns W, the one colour 
is seen through the slots of W,; otherwise, the 
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other colour. For large difference of speed the 
colour indicates the phase; then as difference is 
brought near to the vanishing amount, the relation 
of the marks m, and m—as already shown—becomes 
the determining factor. 

CO, Rzcorpinec APPARATUS. 

Mr. Naito, in his paper, explains that the principle 
of CO, recording is to relate temperature in a 
furnace with the ratio of CO, in the flue to volume 
of air supplied ; excess of air obviously lowers the 
temperature and hence as long as sufficient air is 
available, the higher the temperature the higher 
the percentage of CO,.. He criticises existing 
apparatus, and proposes one as shown in Fig. 5, 
P is a water jet pump supplied with acidulated 
water; it sucks the gas from the flue and passes 
it into the reservoir C, where the gas collects at 
the top. Between C and the absorbing bottle E 
is a valve D, the absorbing element, placed in the 
lower division of E, consists of an alkali solution, 
and into this solution B, through its connection 
with the valve D, descends when D is opened. 
B is built up of thin strips of material non-corrosive 
to alkali, bound together at top and bottom. With 
valve open, and B in its lowest position, immersed 
in the alkali solution, this solution is shut off from 
the gas, the bottle being closed by the upper rim 
of B. In this position the gas through E 
without contact with the alkali and lifts the holder H 
until excess bubbles out at F ; the rise of H measures 
quantity. Valve D is then closed, B being raised 
simultaneously so as to open the bottle of alkali 
solution ; the latter acts on the CO, and absorbs it, 
H falling by the amount of the absorption. The 




















iS 
= 
-E ) ppcermz ace 
| : 
+— i 
+ i | & 209 oecK 
| 
| 
| 
| 
| 
4 24:6 
+ (5633.0) [, os =e Sor x 





Fias. 6 anp 7. 


ratio of the fall of H to its original height gives 
the percentage required by the operation. 
Weicut ConstrTrvEnts oF a Carco Sarr. 

Mr. Hashiguchi’s paper deals with a systematic 
investigation of the weights of cargo vessels of 
various types, dimensions and proportions, with a 
view to simplifying the work of selecting and deter- 
mining the type and principal dimensions of a 
proposed vessel. He deals chiefly with the weight 
of steel, premising that generally speaking 81 per 
cent. to 84 per cent. of weight of hull of a common 
Ocean-going vessel is made up of net steel. After 
careful investigation of reliable data he comes to 
the conclusion that total steel weight may be taken 
a8 approximately proportional to length multiplied 
by weight per foot run of material shown on the 
midship section. He has elaborated careful calcu- 
lations based on this conclusion for shelter-deck 
steamers all 475 ft. in length between perpendiculars, 


‘ L 
in which the © ratio varies from 10 to 14, and B 


ratio 7 to 10. Particulars and proportions are 
given in the annexed table. 

A typical midship section is shown on Fig. 6. 
Scantlings and arrangement of materials are taken 
exactly in accordance with Lloyd’s printed rules ; 
all the ships have three complete decks, with beams 
on every frame, channel frames of ordinary spacing, 


nd intermediate angle frame in ‘tween decks, 
vsual hold stringers, complete double bottom, solid 
floors on every frame; frames, deck plates, and 
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Fie. 5. CO® Recorprxne APPARATUS. 





Fig. 
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Weicut ConsTITUENTS OF A CARGO SuIP. 


Shelter Deck Type. 





























Depth to 
Length} _ Ind. L L | Frame g 
p-p. | Breadth. | Shelter) 3 D | No. | No 

475 | 60°59 7834 86°52 | 41,007 
63°54 33°98 7474 | 14 | 80°47 | 42,408 
66°49 7144 92°42 | 43,900 
69.43 6841 95°36 | 45,296 
57°98 8°196 86°52 | 41,097 
60°93 |] 36.54 7798 || 45 | 8947 | 42,408 
33°88 7°437 92°42 | 43,900 
66°82 7109 95°36 | 45,296 
37-88 3208 soa? | 42°408 
60°83 } ores | 12 | 92-42 | 48,900 
63°77 7449 95°36 | 45,296 
47-02 10°100 86°52 | 41,097 
49°97 47°50 9° } 10 | 89°47 | 42,408 
52°92 8-974 92°42 | 43,900 
55°86 8504 95°36 | 45,296 
tank top all joggled. The results of the calculations 
are shown on Fig. 7; the ordinates of this diagram 
require to be multiplied by 0-3 to give C s—the 

coefficient of net steel where : 

Ce — Nett steel x 100 
LxBxD 








Mr. Hashiguchi points out that the method of 
construction of the diagram must involve sudden 





jumps in the curves, these jumps being, however 


small in magnitude. While applicable directly 
to ships 475 ft. long only, Mr. Hashiguchi claime 
that Fig. 7 may be used also with care in the case 
of much shorter ships; he has applied its readings 
to ships 380 ft. in length with satisfactory results. 
Other investigations have led him to a figure 
relating weight of steel in a shelter deck ship to 
the weight in a full scantling three-decker; this 
ratio is 0-95 or 0-96; and, again, ratio (0-91) of a 
shelter deck ship with two decks (the so-called 
single-deck shelter decker) to the shelter-deck ship 
with three decks. 

Passing to three-island ships he shows that net 
steel may be expressed by 

@.Ca,.Ny + e(C %.N» — aC sy. Nu) 

where 

N,= x B x D to upper deck 

100 





cubic No. to upper deck 


m, — LX 3B x Dibelip eet dio ‘Me. 00 tates deat 


C s, and C 8, = coefficients of shelter decker net steel appro - 

priate to the two depths. 

0.91 

= Tico = 0.95 to 0.96 

¢ = ratio of combined length of erections to length p. p. 
For items of hull weights other than steel, Mr. 
Hashiguchi finds cubic number multiplied by a 
coefficient of 0-06 to 0-08 correct, a slight difference 
arising between different types of ships. The 
paper proceeds with a comparison of the freight- 
earning qualities of shelter deckers and three-island 
ships, in relation to steel weight; Mr. Hashiguchi 
arrives at conclusions favourable sometimes to the 
one type, sometimes to the other. The data used 
for the purpose involve considerable difficulties and 
uncertainties, from which the foregoing portions of 
the paper seem singularly free. 








REINFORCED CONCRETE RESERVOIR, 
MONTEVIDEO. 


(Concluded from page 455.) 


Ir was decided by the Montevideo Waterworks 
Company to construct the reservoirs according to 
the designs which have been described in our pre- 
vious article, by administration, under the direction 
of the Hon. R. C. Parsons, and not by contraet. 
The construction of the works was commenced in 
October, 1914, and the contracts for the steel for 
the reinforcement bars were placed in the month of 


indented steel bars manufactured in the United 
States of America. All the bars were 
accurately in their specified positions with 
wire, so as not to be displaced during 
of ramming the concrete, which is so essential in 
reinforced concrete work. In order to obtain 

necessary union between the bars and the 
they were in some cases crooked at the ends 


exclusively of British manufacture complying 
the British Standard Specification No. 12, revised 
in August, 1910, and being of the slowest setting 
quality referred to in Clause No, 7 therein. The 
concrete used in the several parts of the work was 
composed as follows :— 
The floors 1 cement, a 4} broken 
te, in. maximum 
cu e 
cement, 2 sand, 4 broken 
» 2 in. maximum 


Base of walls... 1 


cubes 
Walls ... --- 1 cement, 2 sand, 3 broken 
granite, 1 in. maximum 
cubes. 
Columns and _ 1 cement, 2 sand, 3 broken 
girders granite, 2 in. maximum 
cubes. 
Roofs «- 1 cement, 2 sand, 4 broken 
. granite, 1 in. maximum 
cubes. 





The broken stone was hard granite derived from 
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& quarry in close proximity to the site of the 
reservoirs, and was broken to the required size in 
each case by means of stonebreakers. The sand 
was sharp and of good quality, brought to the site 
of the works from a distance of 25 miles. 

As it was considered to be essential to ensure 
the solidity of the structure that the concrete after 
it was mixed should be placed in the work in the 
least possible time, care was taken to locate the 
concrete mixers in a convenient position and to lay 
portable tram roads to convey it to the required 
points, from which in some cases it was raised by 
derricks on to the work. The groups of men 
employed to raise and ram the concrete were also 
carefully organised, and the result obtained was 
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that the interval of time which elapsed from the 
concrete leaving the mixer to its being completely 
rammed, did not exceed three-quarters of an hour. 
The work proceeded without intermission during 
the working season by means of two shif.s of) 
8 hous each, and no interval from one day to the | 
next was allowed to be more than nixe hours. 

All the cement was carefully tested before it was 
shipped and, further, each batch of cement was 
re-tested 28 days before it was used in the work so 
as to ascertain whether any loss of strength had 
occurred during transit or in the interval of its 
being stored at the site of the works. Should such 



















Fig. 59. 
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added so as to restore the strength of the concrete 
to that which had béen deemed necessary, but only 
in one instance was this precaution required. 

It was considered that if the precautions which 
have been explained were strictly observed that 
@ concrete sufficiently impervious to the of 
water could be secured without the use of any of the 
various substances which are advocated to obtain 
this result. As a further precaution, during the 
progress of the work the following tests were carried 
out with the view of ascertaining how the imper- 
viousness of the concrete to the passage of water at 
high pressure varied with age: A cast-iron pipe 
was plugged with concrete 12 in. thick, composed 
of 1 cement to 2 of sand and 3 of stone, 1 in. 
maximum cubes, being the same proportion as that 
used in the walls, and subjected to a pressure of 
5 lb. per square inch after being allowed to set for 
six days, it was found to be very porous. The 
trample was then allowed to remain thoroughly 
wet for another 14 days, when with 10 lb. per square 
inch pressure there was considerable improvement, 
and when the sample was 44 months old there was 
no sign of leakage with 40 lb. pressure after 8 hours. 

It was therefore decided that there was no 





diminution of strength be detected, then additional | 
cement according to a definite scale was to be 





necessity of incurring the expense of rendering the 
inside of the reservoirs, consequently, much eare 
was observed in the construction of the shuttering 
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so as to obtain 
as smooth a sur- 
face as possible, 
and, further, soft 
soap was used to 
prevent the ad- 
hesion of the cement to the shutter boards. The 
result has shown that reinforced concrete can be 
made impervious to the passage of water at high 
pressure. 

The shuttering was arranged in detail as the 
designs of the work proceeded, as it was of first 
importance that no hindrances should occur in 
placing the concrete. Figs. 44 to 48, page 516, 
show clearly the arrangement of the shuttering for 
the main walls and counterforts, and Figs. 49 and 50 
that for the corners of both reservoirs. It will be 
seen that bolts passing through the work are freely 
used so as to prevent bulging when the concrete is 
rammed. These bolts were easily withdrawn when 
the work was completed, and the holes filled with 
cement. As a very considerable sum is required 
to cover the cost of shuttering in all ferro-concrete 
work, the designs were prepared so that the timber 
could be used more than once, and in the present 
case this was done as often as possible, but in no 
case was shuttering removed without an interval 
of two weeks being allowed for the setting of 
the concrete. As a result the shuttering was, on 
the average, used twice over. Great care was 
observed to ensure the reinforcement bars being 
free from any greasy substance which would prevent 
the cement adhering to them. 

The columns of both of the reservoirs, and also the 
girders, were constructed partly on the floor of the 
reservoirs and the remainder in a block yard near 
the site, where a travelling Goliath (see Figs. 51 
to 53, page 517) was provided for lifting them when 
being stacked and for p'ading them on the trucks 
for conveyance to the reservoirs for erection. As 
the placing of the columns on their bases and also 
the laying of the girders across their tops required 
to be carefully and accurately done it was necessary 
to provide a special lifting apparatus for the purpose, 
which is shown in Figs. 54 to 58, page 517. It will 
be seen that this traveller, which moved on rails 
between the rows of bases, is capable of placing two 
columns at the same time. The columns when they 
reachec the site ha a lifting cap, shown in Fig. 59, 
page 517, attached to the top, and w. re raised from 
@ recumbent position on two trucks to a vertical 
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position. They were then lowered on to their bases 
with a thin layer of neat cement under them which 
ensured their being accurately vertical. 

As Montevideo is frequently visited by sudden 
storms of-great violence it was necessary to provide 
against any danger of the columns being overturned 
before the reservoirs were roofed over, consequently, 
they were stayed up. This was done by attaching 
wire ropes to the top of one and carrying them down 
to the base of the next on all four sides. The 
wisdom of this precaution was proved as a violent 
storm visited the district at the most critical time 
when a large number of the columns were in position 
before the roofs were constructed. 

The girders were then placed across the tops of 
the columns and on to the plates on the side walls, 
as shown in Figs. 30 and 31, on Plate XX XIX ante, 
but not connected to them, and the shuttering for 
the roof attached in the manner shown. The rein- 
forcement bars were then fixed and the concrete 
laid continuously all over as shown in Figs. 60 to 
65, annexer . 

During the construction of the entire work the 
greatest precautions were taken to keep the concrete 
thoroughly wet for three months during the period 
of setting and to avoid exposure to the action of 
the sun until the earth backing and the earth cover 
to the roof were completed. Notwithstanding these 
precautions the concreting had to be sus 
during the hottest weather for three months, which 
caused some delay in the completion of the work, 
as it was important to avoid all possible danger of 
contraction cracks occurring. 

The work on reservoir No. 4 was completed in the 
month of May, 1917, and filled, and No. 5 in 
November, 1917, and filled. Very careful investi- 
gations were made as to their tightness, which 
showed that they bore the test very satisfactorily, 
the leaks being very small and after a short time 
these were reduced to 1} cub. ft. per minute. Since 
then they have been growing less, and should 
ultimately cease entirely. 

On page 528 are given, in Figs. 66 to 69, repro- 
ductions of some photographs taken during the 

of this work which clearly illustrate the 


of materials obtained in this country and 
locally, due to the war, and further rise in the 
price of labour due to local legislation. The period 
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in which the work should have been completed 
was also considerably longer than was estimated, 
due to the same causes, and this also added to the 
cost of superintendence. 

After due allowances are made for these several 
increases in the cost of construction, it is found that 
the two reservoirs containing 13,000,000 gallons of 
water would have amounted to 65,000/., or 5/. per 
1,000 gallons. Contrasting this with those of other 
reservoirs constructed of reinforced concrete it is 
found that the cost compares favourably. Mr. 
George E. Arnold directed the construction of the 
work under the direction of the Hon. R. C. Parsons, 
M.Inst.C.E. 








CANADIAN VICKERS’ SHIPBUILDING 
WORKS AT MONTREAL. 


(Concluded from page 397.) 


In our previous article we made reference to the 
great utility of the floating crane utilised at the 
works in connection with the fitting-out of ships 
and of repair work generally, and in fulfilment 
of the promise we then made we publish on 
Plate XLI accompanying this issue a perspective 
view (Fig. 14) and detail drawings of this crane, 
Figs. 15 and 16 showing the constructive details 
and scantlings of the hull, while Figs. 17 to 20 are 
drawings illustrative of the crane, its roller path, 
and the crane supports. It may be added in- 
cidentally that a grain elevator is shown in the 
drawings, and the perspective view illustrates how 
the grain elevator is manipulated by the crane 
when it is used, as is sometimes the case, in con- 
nection with the discharge of ships at Montreal 
Harbour, when not required at the shipyard. 

The hull or pontoon has a length moulded of 
200 ft. 5 in., a moulded breadth of 43 ft., and an 
extreme breadth of 43 ft. 10 in., while the moulded 
depth is 10 ft. There is a centre-line bulkhead 
between the end bulkheads, as shown in Fig. 16. 
Strongly-built girders, well supported by deep 
floors are fitted on each side, to resist the strains 
set up under the varying conditions of working. 
Six transverse bulkheads are fitted, -_ Boo 
necessary store-rooms, &c., are placed in 0 
of the pontoon between these bulkheads (Fig. 20). 
A strong elm fender is fitted all round the pontoon 
at the level of the deck, securely bolted between 
y of white pine is fitted 


angles. A walking gangwa 





all fore and aft on the top of the floors on each side 
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of the pontoon. A rudder, worked by hand gear, 
is also fitted. The pontoon is well cement-washed 
on the inside and suitably drained for pumping out. 
In order to ensure the safety of the crane, 300 tons 
of ballast are placed well down between the floor 
plates, and distributed in such a manner that the 
weights upon the structure will be even throughout, 
and thus avoid undesirable straining. 

Specially arranged balance weights are fitted to 
minimise the angle of heel. One of these weights 
is fixed on the base of the crane on the side remote 
from the jib, and the other is in the form of a truck, 
and can be adjusted to assist the balancing under 
varying loads. The lower part of the crane is fixed 
to the revolving table, which has a range of 360 deg. 
The jib is hinged at the top of strongly-built up- 





rights, and can be adjusted by means of a connecting- 
link girder attached tealargescrew. The centre-pin 


is of massive proportions, and strongly connected | 


to the structure of the vessel. The roller path on 
which the crane revolves is well secured and bedded 
to the deck, and strongly supported by bulkheads 
and girders. 

The crane is proportioned for handling a maximum 
working load of 75 tons at a radius of 51 ft. ; 60 tons 
at a radius of 66 ft., and 10 tons at a radius of 
72 ft., the minimum radius of the crane being 40 ft. 
The height of lift is 100 ft. above the water-level 
when the crane is working at 51-ft. radius. 

Four motions are provided, viz., hoisting, derrick- 
ing, slewing, and ballast adjusting. Two sets of 
double-cylinder horizontal steam engines are pro- 
vided for working the above motions (Fig. 18), one 
set with cylinders of 9-in. bore by 18-in. stroke for 
hoisting and derricking, and one set with cylinders 
8}-in. bore by 12-in. stroke for slewing and ballast 
adjusting. The hoisting gear consists of three 
reductions of steel spur gear. The load is lifted on 
eight parts of extra-flexible best plough-steel wire 
rope, winding two parts, the drum being grooved 
right and left hand. Change gear is provided on 
the hoisting motion in order to give three speeds 
of lift. The derricking is worked off the second- 
motion hoisting shaft by means of one further 
reduction of spur gear, one bevel gear and a large 
screw, working into a gun-metal nut fixed to a 
swivelling crosshead attached to the lower end of 
a steel link, the upper end of which is connected 
to the back end of the jib. | 

The crane revolves on a set of live rollers (Figs. 
17 and 19). The bottom roller path is a complete 
cast-steel circle, having teeth on the outside, with 
which the slewing pinion engages. The slewing gear 
consists of two bevel-gear and two spur-gear 
reductions (Fig. 18); two speeds are provided. 

The ballast-adjusting mechanism includes one 
bevel-gear and one worm-gear reduction. The 
travelling counterweights on each side of the crane 
are racked in and out by means of flat-link chains 
working on sprocket wheels. 

The crane structure (Fig. 17) consists of a re- 
volving turntable carrying a double triangular 
frame, on the apex of which the jib is pivoted, 
The jib is a lattice structure, having two bottom 
booms and one top boom, forming a triangle. 

The various motions are controlled from the 
driver’s cabin, which is situated in an elevated 
position in front of the crane. The speeds at which 
the various motions can be performed are as follow : 


Hoisting 75 tons at 3 ft. per minute. 
Hoisting 25 tons at 9 ft. per minute. 
Hoisting 10 tons at 20 ft. per minute. 
Slewing 75 tons at 1 revolution in 
4 minutes (slow gear). 
Slewing 10 tons at 1 revolution in 
2} minutes (fast gear). 
Derricking ... From maximum to minimum 


radius in 8 minutes. 


Steam is supplied to the engines at a pressure of 
80 Ib. from a large vertical boiler situated on the 
pontoon, with a steam pipe led up through the 
centre-pin of the crane. 

The grain elevator, which is portable and self- 
contained, is fitted with a bridle to suspend the 
apparatus from the hook of the floating crane when 
required. The grain elevator is worked by an 
electric motor, and has a capacity of 80 tons of 
grain per hour. A dynamo is supplied and fitted 
suitable for supplying power to the grain elevator 





and for the electric lamps with which the pontoon 


and crane are fitted up. Two arc lamps are also 
fitted on the deck of the vessel. 

The pontoon has a powerful steam warping 
capstan, and all the usual fittings for this class of 
vessel. It is also fitted up to fulfil the Board of 
Trade requirements, a lifeboat and other accessories 
being supplied. 





THE INSTITUTION ‘OF CIVIL ENGINEERS. 
Address of Sin Joun A. F. Aspinaun, President.* 


GENTLEMEN,—I have to thank you for the very great 
honour which you have conferred on me in appointing 
me your president. 

ile meeting here again on the occasion of a change 
in the chair, we all have in our recollection the large 
number of our members who have gone to the war, who 
are fighting for our homeland and those dear to them, 
and think with sympathy and regret of those 291 members 
who have made the great sacrifice. 

The majority of our ? men who form the backbone 
of the Institution will in due time come back to us to 
re-enter into the work of their profession in a civil 
capacity, and it is the duty of those who are left behind 
to see that when they do return every possible kind 
of help is given to them to make a fresh start, and assist 
them to forget the perils and privations they have gone 
through, also to afford those facilities which are necess 
for them to maintain the engineering traditions of the 
Empire, 

In the earlier days of the war the military authorities 
were quick to seek the advice and assistance of the 
Institution in obtaining officers of proved professional 
training for the engineering units in France and other 
theatres of war; and it has been our privilege to feel 
that confidence in the merits of our system of selection 
left no doubt in their minds that the right men were 
selected in every case in which the Institution was 
concerned, We also have reason to be proud of the 
engineering work which has been carried out by those 
who joined the forces, confirming as it does the knowledge 
that professional training of an adequate kind is the 
only road to success. 

The number of our members attached to the fighting 
forces of the Empire since August, 1914, was on the 
last count 3,007. Their efficiency as soldiers is testified 
by 307 military orders and distinctions already gained 
| them. The recognition by the military authorities 
of their technical qualifications, largely influenced by 
their membership of the Institution, is shown by the fact 
that 1,430 of them have been commissioned as officers 
of the Royal Engineers—a number which would have 
been largely exceeded had the demands of the War 
Office for technical officers been in earlier days sufficient 
to absorb all the young engineers who offered their 
services to their country. 

We cannot speak so favourably of the action of the 
Civil Departments of the Government, which have not 
always recognised the necessity for application to the 
heads of the engineering profession for men to deal with 
the emergencies which have arisen and to fill the very 
numerous posts connected with engineering construction 
at home; and it is not unreasonable to suppose that 
where works constructed under Government auspices have 
not been successful, better results would have been 
obtained had more attention been paid to the selection of 
men who were properly qualified to direct them. 

I may perhaps be pardoned for reminding you of the 
important letter which was sent to the Prime Minister 
of the time by Dr. W. C. Unwin, when he was president in 
1912, dealing with this most important subject of the 
fuller recognition of the advantages of professional 
engineering qualifications by Government Departments. 
This is a subject which must always be kept before us, 
and it is the more necessary that all our new members 
should feel that it is not only an honour to belong to 
the Institution, but an advantage as well. A man who 
bears the hall-mark of Pechbrwese. A has the right to feel 
that his qualifications entitle him to consideration and 
support when dealing with public work or with those in 
Government Departments who control it. 

It is gratifying to know that there is a large and 
continuous stream of applicants to join our Institution, 
although we are at war, and this may be an indication 
of the fact that it is becoming more and more evident 
how much the world is dependent upon engineerin 
effort, whether applied to the destructive agencies a 
war or to the arts of peace. 

On all sides we have seen that the work of our mathe- 
maticians, our chemists, our physicists, our metallurgists, 


I propose now to pass on to some of the points which, 
it to me, we will have to consider in connection 
with transport, with a view to its improvement when 
we are fortunate enough to be able to settle down to the 
active pursuit of commerce. 

It is but little known that the question of the operation 
of the railways in the case of any great national emergency 
either at home or abroad, had received the unremitting 
attention of a carefully selected Committee of Railwa: 
General Managers in combination with the intereste 
Government Departments during 1912 to 1913, and that 
every detail of importance had been thought out with 
the greatest care. When the unexpected happened, 
and we found ourselves at war, a few telegrams to the 
members of the committee brought them ether to 
make pse of already well-considered plans, which resulted 
in the rapid tr rtation and punctual delivery of 
troops at the port of embarkation, and their transmission 
across the Channel. How well that was done is a matter 
of history. 

Since those early days the railways have been con- 

trolled by the Railway Executive Committee, whose 
efforts have been successful in making the fullest use of 
the existing railway staffs over the whole country. 
The result has been that the immense amount of travel 
and carriage of material has been directed and conducted 
with @ very small staff, and work has been carried on by 
those who knew their business and were not prepared 
to tolerate mistakes. 
_ The deadening effect of Government operation of 
industry has not been felt on the railways as it has been 
on other great interests, and this has been largely due 
to the work not having been taken out of the hands of 
those familiar with it. 

I allude to this earlier history of the absolute control 
of the railways by an executive committee because, as 
the weary years of the war have been prolonged, this 
unification of effort in dealing with the nation’s transport 
has led many minds to consider what is to happen after 
the war. Any changes which take place will in many 
“_" affect the interests of engineers, and it is therefore 
well to look ahead and speculate, if you will, on the 
possibilities of improvements, and how those of us who 
are concerned in the construction of new railways, or 
those who are interested in the great engineering manu- 
factures used by railways, are likely to be affected by 
such changes, or by any radical upheaval of present 
methods, if such are likely to come. 

It is in devising methods for securing a greater output 
and creating machinery to take the place of hand labour 
that the efforts of our engineers must be directed, if 
we are to reduce the cost of transport and help ourselves 
to compete with the manufacturing instincts of com- 
petitive nations. The railways, as great users of materials, 
will find the burden of increased costs, when added to the 
labour charges, to be so great that it will become more 
than ever necessary to see how operating costs can be 
reduced and how far mechanical processes can eliminate 
hand labour, not only with the object of getting rid of 
unnecessary toil, but to get more work done in the same 
time for less money. 

The most important engineering question to be faced, 
in my view, is the necessity for considering what can 
be done to increase the structure gauge on our railways. 
The capacity of our rolling-stock is hampered in an extra- 
ordinary degree by the fact that, as pioneers of railway 
construction, we could not in the earliest days of railways 
appreciate what the immense growth of railway re quire- 
ments would be, and what would be the dimensions 
of the loads we should be asked to carry, or the weight 
per wheel which our bridges would have to bear. 

The ‘‘structure gauge’’ limits the ‘‘ loading gauge,” 
which in turn limits the exterior dimensions of our 
rolling-stock, whilst low bridge-strengths prevent 

rogress with the use of heavier and more powerful 
ocomotives. The difficulties of altering the structure 
auge are greatest with the small tunnels, though 
ortunately these are not very numerous, but we have 
many platforms which prevent the widening of any 
part of our rolling-stock at a height of about 3 ft. 6 in. 
above the rails, while there are numerous girders standi 
up between the lines of rails which are in the way, 
there are many other points of obstruction which have 
rendered the restrictive list of ‘‘loading gauges,” issued 
by the Railway Clearing House, an absolute necessity for 
safe loading. 

It is an extraordinary fact that on the British railways 
there are no fewer than 66 different loading gauges 
applicable to 150 sections of lines, all of which have to be 
taken into account when considering the forwarding of 
rolling -stock, and the obstructions which exiet on railways 
and dock properties which have sidings of their own. 

According to the Board of Trade Returns, there are 
in England, Scotland and Wales, about 100 large and 





and our electricians, has contributed to the ful 
prosecution of the war both by land and sea, and there 
seems to be a general recognition of the fact that all 
engineers’ work must be given credit for our rapid 
progress in defeating — hostile invention. 

It is good evid of the deepening interest taken in 
all matters with regard to the concentration of engineering 
effort, that a number of the engineering and scientific 
societies which have not as yet got homes of their own 
are discussing the possibility of housing them all in one 
common building with common library facilities. It has 
been our privilege in the past to offer these societies the 
hospitality of our lecture theatre for their meetings ; 
but I am sure that, though we shall miss their friendly 
visits, our members will be only too happy to wish them 
success in their new venture if it matures, and express the 
— that Westminster will b the tre of their 

orts. 
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small separate railway companies with a 4-ft. 8j-in. 
gauge, but I find that the maximum number of railways 
which can accept loads of one of the largest, though 
not the largest, loading ,is 18. Some of our larger 
railways have, through a course of years, steadily 
improved their lines to rid of these difficulties, but 
the wider and longer rolfing stock, whether locomotives, 
carri or wagons, which they can use has to be confined 
to their own property and cannot be allowed to pass 
everywhere. 
The extreme dimensions over the cylinders of outside- 
cylinder locomotives have been d on t of 
obstructions and render it difficult to design a more 
powerful locomotive constructed in this form, though 
there are several forms of multi-cylinder engines which 
evade this ——_ = the expense of a multiplication 
of mechanism. The possibilities of an extension of 





electric traction would, however, render it less 
to deal with many platforms, as electric locomotives suc: 
designed can haul loads far beyond 


as have already been 
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anything we handle in this country, —< their exterior 


dimensions at platform level would not foul our largest 

loading gauges. : * 
We have had recent experience of the impossibility 

of dealing with French rolling-stock on this side of the 


water, although the track gauge is practically the same, 
while our smaller English stock has been daily able to 
travel on the ferries and pass on to the French railways. 
Rolling-stock of the International Continental type could 
not pass many of our “structure”? dimensions, and 
thus if that urgently needed great work, the Channel 
Tunnel, were completed we should be in the tion of 
having either to send stock through it which did not 
suit foreign railways, or receive stock which did not 
suit us. It would be of little advantage to send goods 
from the Continent to the end of the tunnel if they had 
to be transhipped into a British truck, and double 
handling had to be paid for. 

Surprise is often expressed that we do not use the long 

bogie-wagon of American t in this country to increase 
our carrying capacity reduce the tare. Strenuous 
efforts have been made on several of our lines to carry 
this out, but the British trader’s habits have always 
defeated the successful use of such vehicles, except for 
the heavier and low-value classes of goods or minerals. 
The trader has grown so accustomed to ordering what 
he wants in very small parcels, and having them sent in 
the afternoon to a railway station with the e tation 
of seeing them delivered with the regularity of a postal 
etter at Ee oe of business the next morning, that he 
will not tender anything like a reasonable wagon-load. 
It has b a tion with him of credit from his 
bankers, and he will not hold a pound of stock more than 
is necessary to carry on his business, especially in the 
case of high-priced merchandise. 

On the Continent the existence of a difference of railway 
charges for slow-speed and fast-speed trains has led the 
trader to accept the delay necessary to get full wagon 
loads of a mixed character, but legislation as to charges 
in this country does not admit of such arrangements. 

It seems probable, as a consequence, that if we get our 
‘structure ’’ gauges altered we shall have to be content 
with a longer four-wheeled wagon of the Continental 
railway dimensions rather than a longer vehicle carried 
on two bogies, though an alteration in legislation as to 
graduation of carriage charges based on speed would have 
more effect on the construction and use of high-capacity 
pin yen than any exertion by the railway operating 
staff to increase its use. 

Such a large proportion of the goods to be carried in 
this country are bulky, rather than weighty, that we 
undoubtedly require that the bodies of our wagons shall 
be of greater internal cubic capacity, and we want more 
width, and, if possible, more height, in order to get these 
light goods as nearly as possible up to the weight-carrying 
capacity of the wagon, while other classes of rolling-stock 
should be given more room to expand, and every exertion 
should be made to reduce the tare weight. 

Great improvements can be made in the structure 
gauge without in any way altering the 6-ft. space between 
the lines of rails. e structure gauge is at present not 
only the main difficulty in the way of further improve- 
ment, but also of the standardisation of rolling-stock, 
including locomotives, and I am sanguine enough to hope 
that any change which may take place in the ownership of 
railways will lead to an active policy of enlargement of 
this limiting gauge, which would probably not cost more 
than a few days of war expendtiure, but which would, 
in the end, materially add to our railway efficiency. It 
is really a national matter and should be carried out at 
national cost. . 

In connection with the possibility of a more complete 
standardisation of locomotives, one often hears comments 
on the question of the variety of types of locomotives 
used upon British railways, t A one gets down 
to solid discussion, one finds that the speaker is generally 
referring to classes and not to types. The types are 
very much the same on all our railways. 

aving determined the types, it is very often necessary 
to have more than one class of the same type. For 
instance, an express passenger engine of the 4-4-0 t 
for hauling the heaviest long-distance trains may 
uite unsuited for stopping trains, and another class of 
the same type may be n on the same length of 
railway, though many of the working parts may be 
exactly the same. We thus have two classes of the same 
type, but each made to fit she work required in such a way 
as to produce the greatest economy. 
Any large railway will probably require a number of 





types such as :— 
An express passenger tender engine, 
An ordinary passenger tender engine, 
A pomonae tank engine for local trains, 
A fast goods engine, 


A heavy coal or goods engine, 
A powerful shunting engine, 
A shunting engine for light work, 


each of which would be indiceted by its wheel arrange- 
ment ; and in special cases, other types may be required. 
This list means that at least seven types are wanted, 
and if the line traversed has many heavy ients, these 
types wy 4 be —_ up again into various c to enable 
them to deal with the work at all parts of the line without 
reducing loads. 

If, however, we assume that the line of railway does 
not vary, and that the seven types will do all the work, 
the question of maintaining those types for a long period 
of years, always assuming that they have been thorough! 
well designed—depends on the march of tt 
you look back over a series of years, you will find that 
each period of, say, ten years on some lines, and fifteen 

ars on others, calls for great changes in the locomotive 

ught about by changes in traffic conditions, when it 
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becomes necessary to break away from tradition and to 
enlarge and improve the machine as.a whole, while 

ini the maximum possible number of inter- 
changeable parts. 

If we take the period of ten years, and assume the 
life of the locomotives to be thirty years, it is obvious 
that after the tenth year, if such changes as I have 
indicated come about, we shall be adding to our number 
of classes, and may even have to add to our number of 
types, and that before the actual death-rate of the first 
lot, due at the thirtieth year, really begins, we may 
have 21 different classes or types on the same railway 
at the same time. The casual observer might consider 
that there was too great a variation, whereas the user 
would be easily able to show that progress has demanded 
the change, and that economy of operation and capacity 
for earning have been increased by the modernisation 
of the plant. The change, therefore, becomes a subject 
for commendation, and not for superficial criticism. 

The form of the locomotive, as distinguished from its 
original detailed parts, may last for thirty years. 
Generally speaking, however, early renewal of rolling- 
stock is the true economical policy, and machinery shou 
be kept absolutely uptodate.. A railway is not amuseum 
for retention of old machinery, but a highly organised 
implement of commerce, and to be efficient must progress. 

— of parts in manufacture and absolute 
interchangeability of parts in maintenance are two 
of the greatest sources of economy with all machinery. 
The first reduces the original cost, while the second 
enables rapid construction or repairs to be carried out 
and reduces the stocks of costly stores. 

A railway company must be capable of effecting very 
rapid airs to its tives, and duplication saves 
time and money. The larger the company, the greater 
the capital rendered idle if numbers of locomotives are 
standing waiting repairs. As matters at present stand, 
each of the railway companies being on an independent 
basis, their locomotive stock has been designed to suit 
their own special requirements, and within each company - 
worked area they have built up an admirable system of 
—, which it would be very costly to change. 

f, 





however, the railways are taken over by the State, 


or amalgamated in some other form, about which nothing 
is at present definitely determined, then it is probablethat 
there will be an arrangement to limit the designs of engines 
to such a number as will do the work in any part of the 
country, no doubt retaining as far as possible each set of 
engines on existing routes until Say Seno renewal, as 
a re of y to use up available stores and spare 
parts in the most practical way, when the selected 
designs, not ily new designs, will replace them ; 
but it will be appreciated that the transition period, 
extended over, say, twenty-five years, will be a very 
expensive one, as the money to be saved on new con- 
struction will be trivial, and will be much more than 
wiped out by the interest on the greatly increased value 
of stores at workshops and outdoor locomotive sheds, 
necessitated by the introduction of new parts. This is, 
in a measure, due to the fact that the number of new 
locomotives required in one year in this country is 
comparatively small, and even that number will become 
less as electric traction extends. 

The work which has been going on for years on all the 
larger railways to reduce costs by the standardisation 
of parts, has not been appreciated at its true value. 
The railways have, going back for many years, been the 

ioneers of standardisation, and have reduced the 
interchangeability of parts to a fine art. The money 
value of interchangeability of parts is immense, and the 
reduction of stocks of stores at outside locomotive 
running sheds, and rolling-stock repairing establishment 
which has resulted, represents a very large capital sum. 

A Committee of Railway Locomotive Engineers and 
Carriage and Wagon Superintendents has been sitting and 
investigating every point in connection with the further 
standardisation of railway rolling-stock during the past 
two years or more. and an immense amount of most 
valuable work has been recorded and tabulated with a 
view of seeing how far it is possible to arrive at acommon 

reement. The progress in agreement has been remark- 
able, but the general result so far has been that it became 
evident at a very early stage that the great bar to progress 
and uniformity in increasing ove dimensions within 
commercial limits was the existence of the very varying 
structure-gauges on British railways, and the difference 
in the carrying capacity of bridges. 

To make locomotives, carriages, or wagons of such 
dimensions, as regards the whole machine, as to enable 
them to go anywhere, was soon found to involve the 
reduction of dimensions of all three classes of rolling- 
stock on many of our eupectent lines, representing a 
retrograde policy instead of a progressive one. 

With regard to carriage stock, great downward changes 
would, under present conditions, have to be made. 
One of our greatest railways, for instance, would have 
to be content with vehicles 57 ft. long and reduce the 
width over the body, while at present they have man 
vehicles 70 ft. long. Another, whose electric stoc 
measures 60 ft. long and 10 ft. over the body, would 
have to sacrifice a large carrying capacity to conform 
to the rigidity of a universal standard. On the other 
hand, there is nothing to prevent a more complete 
standardisation of running gear and brake work. 

So far as the metal frames of steel or iron are concerned, 
either for carriages or wagons, the British standard 
sections are being used to the exclusion of those of old 
= ions. 
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very bold policy of sweeping away all fixed structures 
which are now in the way, and altering all bridges which 
are too light, being carried out to enable the emallest 
rolling-stock to be brought up to the highest standard. 

This general question has | nd exercising the minds 
of our American friends since their railways were con- 
trolled by the State, and it is illuminating to read the 
views of Mr. Alba B. Johnson, the president of the 
Baldwin Locomotive Works—the greatest private 
locomotive works in the world—who puts, in a few 
pithy sentences, his views on the sitvation in an address 
which he delivered to the Annual Convention of the 
Chamber of Commerce of the United States of America, 
in Chicago, in April of this year. I make no excuse 
for repeating some of them here. 

Mr. Alba B. Johnson says :— 

“The increase in car loading reduced the number of 
cars which could be hauled per train, and resulted in a 
demand for larger locomotives capable of hauling no less 
a number of cars than before. This found its limit in the 
capacity of rails and bridges to sustain the increased axle 
loads. Again and again rails and bridges have been 
replaced to permit of the constantly increasing axle 
loads from 10 tons to 15 tons, from 15 tons to 20 tons, 
from 20 tons to 30 tons,* and finally to about 35 tons, 
the present maximum. If we stop to consider for a 
moment what this has meant to the industry of the 
country, we will realise that each change has involved 
practically the total replacement of rails, bridges, cars 
and locomotives on existing lines throughout the whole 
country, and each step has resulted in a reduction of 
the cost per ton-mile until the cost of transportation 
in the United States has gone far below that attained 
in any other country. 

“Standardisation has been an ideal much-talked of 
but never realised in actual practice, because standardisa- 
tion implies the ee of present practice as 
the practice of the future. 

“The result of more than eighty years of experience 
has convinced railroad men that the most advantageous 
field for standardisation is in details rather than in the 

plete | tive or car as a unit. 
“We should therefore look carefully before we leap, 
to make sure that we are not giving up the substance 
of continued growth in efficiency and economy, to grasp 
the chimera of standardisation.” 

In confirmation of Mr. Johnson’s views I find that the 
growth of locomotive power during fifteen years in the 
United States is indicated by figures recently published, 
which show that in 1900 there were 36,600 engines with 
single-expansion cylinders having an average tractive 
power of 19,000 lb. and an average weight on drivers of 
85,000 lb., whereas in 1915 these figures had become 
62,000 in number, with an average tractive power oi 
30,500 lb. and an average weight on drivers of 135,000 lb., 
without taking into account compound engines or Mallet 
engines, of which latter there were 800 with an average 
tractive power of 79,000 lb. and an average weight on 
drivers of 350,000 lb. These figures represent an 
immense increase in commercial capacity for haulage, 
and point to the fact that there must have been a great 
reconstruction of bridges to carry the increasing weights 
per wheel. 

In pressing forward the all-important question of the 
further standardisation of parts, nothing should be done 
to prevent the acceptance of new ideas which tend 
towards the improvement of conditions and the economy 
of operation, though a nicely-balanced judgment will 
often be required to decide between the aceeptance 
of some excellent new idea and the economy to be main- 
tained by the retention of parts which are absolutely 
interchangeable. 

In the world of mechanism there can be no finality, and 
we ought not to look forward to finality if we are to keep 
pace with other nations. The brightest ideas of many 
minds may easily be killed by over-standardisation, and 
one has but to look at the motor-car industry, to see 
how the inventive brains of many of our countrymen 
have been stimulated by the varied requirements of 
motor travel to produce some of the most beautiful 
mechanism in a number of forms, many of special 
engineering merit. sole | 

One trembles to think how the too enthusiastic 
theoretical standardiser could in this case have put a 
stop to practical progress, and sterilized the best efforts 
in this great modern industry, while the well thought-out 
standardisation of many details and minor parts has 
helped the manufacturer to purchase parts in a com- 

titive market. Once, however, any one great manu- 
acturer has determined that his form of mechanical 
product can safely be produced in quantity, perfect 
standardisation of all details is the only road to com- 
mercial success. . 

Another matter which seriously affects railway 
economy is the character of the appliances at our 
seaports, as inefficient appliances for handling goods 
and minerals not only put up the cost to the consumer 
but cause serious delay to rolling-stock. 

Strong comments have been made by some of the 
recent Government committees upon the want of 
mechanical appliances at our seaports for the unloading 
and loading of ships, and it cannot be denied that there 
is al ld for the mechanical engineer in providing 
up-to-date appliances of a varying kind to suit the trade 
of each port. Some of the largest ports are said to be 
the most deficient in handling appliances. There is the 
less excuse for this nowadays when the possibility 
of the purchase of electrical power enables machinery to 
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unloading or loading ships is by no means the e¢ 
matter which some people suppose, and the very - 
culties—not of a mechanical nature—make it the more 
necessary to have quick and cheap handling of the goods 
so that every farthing per ton can be saved in manipu- 
lation, and quay , which is always costly, can be 
rapidly cl d ur Cust regulations require the 
examination of imported goods, and nearly e ing 
taken out of ships must be put down on the ground to be 
looked at, and this alone necessitates double handling. 
Our e in cannot always be put on board shi 
at the erisuus Of aciteal alongside, as a vessel destined 
to call at many porte must have her cargo in systematic 
order, not only in the order of the , but also in 


Their replacement would be gradual, but if the life 
of a wagon be taken at twenty-five years, 28,000 wagons 
must be built each year to maintain the 700,000 private 
ja en and the creation of 28,000 wagons a year of 

design would bring about a quick change in 
the economies of coal transport to our ports, for ship- 
ment. 

The change in tipping appliances must precede the 
im; ment in the wagon. If the wagons became 

ilway-owned the figures would remain the same, Lut 
there would be the additional advantage that at those 
ports at which there were suitable imports the wagons 
could be used within certain limits for back loading. Y 





Specifications. Such specifications have been prepared 
for 8-, 10-, 12-, 15- and 20-ton wagons of Sedinary 
t and for 10-, 15- and 20-ton tank wagons. 
general result has been to produce standard parts 
in very large numbers, the dimensions of which are 
based on — used by the 7 com s them- 
selves, though speaking broadly the traders’ wagons 
oso tulle fer © chal mber of trades and can nearly 
all be alike, whereas the railway companies’ py ee have 
to accommodate an immense variety of businesses 
demanding ial consideration in each case. k 
Speaking in @ very general way, the standardisation 
of caste locomotives and carriages is a very small 
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The next important questién affecting the 
operation of railways in this country under present 
conditions is the question of the ip and the 
standardisation of wagon-stock, and in this matter 
engineering works are very much in ° 

At the end of 1913, the railways of Great Britain 
owned 786,516 wagons, but in addition to this, it is 
estimated that private traders owned 700,000 wagons. 
The existence of this large number of private wagons 
is an anomaly, and a great source of unnecessary ex- 
pense. Private ownership ought to be swept away by 
immediate legislation, and so long as the question is 
looked upon from a national point of view, the number 
of problems which such a change represents can be 
solved with very great benefit to the nation. 

In wagon-stock there is a wide field for change when 
the time comes that goods platforms have to be altered, 
and doorways into goods sheds have been enlarged. At 
present, uniformity of outward form of the different 
1 required would only mean a reduction, instead 
of an increase, of dimensions of the body to the figures 
of the smallest ry ame | railway of the more important 
kind, leaving out small isola’ lines, which are of no 
consequence. 

Take as a round figure the total w -stock railway - 
owned and privately-owned to be 1,500,000, and accept- 
ing — years as the life: of the wagon, then we 
require 60,000 wagons each year to ace those dying 
out. From this it may be 
ownership of all this roll 
number of parts which wear out to be made to standard 
dimensions, really tere oe pees economies of manu- 
facture would be introdu which, even with a small 
sum on each renewed wagon alone, without counting 
the much more important demands for daily repairs, 
would ae a very large annual sum. 

In addition, if the tremendous labour and time 
involved in shunting out and sorting this vast arra 
of traders’ wagons which have each to be sent bac 
empty to their own particular owners after each loaded 
journey can be got rid of by railway ownership, then 
without on cost of the return empty journey 
and without ing any estimate of what the real cost 
of shunting out these traders’ wagons comes to in a year, 
it is obvious that the trivial amount of one penny saved 
per | for one shunt per day for 300 wor ays on 
700. wagons would amount to little short of a million 
sterling. It is quite sufficient, however, to show that 
the subject of change may be approached with the 
hope of a solid return. 

Abolition of private ownership would also enable 
a@ most important improvement to be made by fitti 
all wagon-stock with continuous brakes. Unless suc 
brakes are fitted we shall not reap all the advantages 
of longer and heavier trains as far too much time will 
be —— in bringing these trains to a stand. It 
seems ost a contradiction to say that efficient con- 
tinuous brakes will enable a train to make its throughout 
journey in less time, but it is essentially true. 

There is nothing about the osed change of owner- 
ship which need in any way fal to the confiscation of 
the capital involved in the present private owernship, 
as equitable adjustments could be made which wou 
not only deal with those now interested in the earnings 
of the wagons, but also with that large body of firms 
and individuals who are interested in the construction 
and repair of railway rolling-stock. How great this 
latter interest is may be measured somewhat roughly 
by noting that as the repairs and renewals of railway- 
owned wagons work out at £4-61 per wagon per annum 
for Great Britain, the estima’ number of 700,000 
traders wagons would probably cost for the same 
work say, 3,227,000. per annum. This figure will 
possibly be somewhat underestimated, but still it 


























































relation to the character and weight of the articles 
exported. This means storage in transit sheds before 
loading, and the picking out, sorting and lifting, ve 

often twice over, of the goods which have arrived. 
All these little points add to the necessity of eliminating 
hand labour, and doing by quick-acting machinery that 
. which is necessary to hurry the vessel away to sea, 
and thus increase the number of voyages per annum. 

Electric overhead travellers, such as are now used 
in the most modern railway transit sheds, with a longi- 
tudinal traverse of 450 ft. per minute, and both a cross 
traverse and lifti of 150 ft. per minute are pro- 
bably the most spitable appliances for this work inside 
the sheds, while outside there should be a liberal supply 
of quick-acting jib cranes. At the most modern rail- 
way stations, where the same goods have ul- 
timately to be handled, these quick-acting appli . 
in combination with the modern electrically -propelled 
platform trucks, have been the cause of great mi *8. 

In every case, apart from those where difficulties 
have been mentioned, cranes and other appliances 
should load direct from ship to lorry or railway wagon, 
and wagon to ship, though it is extraordinary to find 
how little provision has been made for this direct load- 
ing to transport vehicles at many of our large ports. 

In the loading of coal for export very great changes 
ought to be eae where old-fashioned plant and methods 
still exist. It is probable that coal shipment is more 
economically done on the north-east coast than else- 
where, largely by drop-bottom wagons; and there, 
at any rate, there is not the same great necessity for 

te change of appli as at other ports. 

We ought to have a change in our wagons as well as 
in the tipping appliances, and a wagon c not 
less than 40 tons of coal should be provided for. Coal 
hoists and tips which could at first deal with the ordinary 
four-wheeled wagon containing 20 tons of coal could 
easily be oe ae in such @ way as to be added to so 
as to enable the larger bogie wagon containing 40 tons 
of coal to be dealt with as these wagons are built, but 
in the meantime it is an obvious point that the use of 
20-ton wagons for shipment coal would be better than 
the use of 10-ton wagons, as the saving in time and in 
the occupation of siding room is so great. 

Millions of tons of coal are at present forwarded to 
the ports in 10-ton wagons, sometimes for export and 
sometimes for bunkering ; but these small 10-ton wagons 
should be eliminated as rapidly as possible, and nothing 
less than a 20-ton vehicle, ing a gross load of about 
30 tons, put in their place, as a great national saving 
would result ; the larger 40-ton wagons could follow 
as it became possible to construct them. Private wagon 
owners have done but little in enlarging wagon capacity 
and have only built about 2,600 20-ton wagons out of the 
estimated number of 700,000 owned, the majority of 
which are of 10-ton carrying-capacity, and probably 
90 per cent. are used for carrying coal. 

There is only one serious thing in the way of the more 
general adoption of 20-ton wagons for shipment coal, 
and that is, the small size of the tipping and coal- 
handling gee at our ports, whether those ports 
are owned by public = authorities, or by railway 
companies. Many of them are quite up-to-date, and 
will lift the 1 r loads ; but until any one port has 
all its coal tipping appliances made up to the 
highest required capacity, those interested in the sale 
of shipment coal will not know whether the wagons 
they send will be put under the large or the small tipping 
appliances, and must continue to run the small 10-ton 
wagons. Taking 31 coal-e ing ports in Great Bri- 
tain, there are only about 286 coal-tips which require 
— y 3 reconstruction to lift a gross load of 30 

ns, @ or this comparatively small reason, that F : , ; 
proportion of the 77,000,000 tons of coal which was an prs Fo of p Bem Mag serene dyer perro Sineen tad 
rete and which was exported at ports other| profit, and would warrant the consideration of carefully 

“ ve north-east coast ports in the year 1913, had) thought-out plans for the construction of the best en- 
nearly all to be carried in 10-ton trucks, representing | gineering works for the building and maintenance of 
® great waste of money which, if saved, would return | this great number of wagons in various parts of the 
—_ interest on the cost of ch ing the tipping country, a problem rendered the more easy as the 
“ppllances, save the time of shipping, reduce the time Of | private repairing firms recently combined their forces. 
occupation of siding room, and give a quicker return of |" The whole question of bu and maintenance 
pose wagons to the pits. No one is so much in of wagons is one of the greatest importance, and it 
in saving siding rooms as @ dock-owning company, 86 | would appear as if the operation of large private works 
ion Space is small and the land extremely valuable. | working parallel with the railway-ow works, was 
3 pms var of what could be done in saving space | one of those things which ought not only to get the 
hd aoa By asa bry ae 1,000 net tons of coal carried | best results, but prevent a change of ownership of the 
7 ft. 6in ide, ao traders’ wagons, which are only | wagons from operating in any way unfairly with the 
length , Wide, could be carried in wagons of the same | capital invested in the great industry of construction 
— as - 20-ton Ee. bet e 9 %. wile with | and repairs. 

ng in over the whole train of 851 ft., or 
41-8 per om difficulty of arti is ee It is not generally known that the standardisation of 
in the form of wagon is due to their no common 
‘heen and no common interest which can influence 

No loss need be anticipated to wagon owners by such 
&® change, as the 10-ton wagons would slow! out, 
being retained meanwhile for land sale of , and, for 


reasons which need not be into EB t 
present suited to this class of trade. BI nani 
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traders’ wagons was taken in hand by the railway com- 
a in 1888 after certain accidents had happened. 
eet of ~ beshateal officers « the a have 
taken p at the ay Clearing House, rawings 
specifications have been produced, which have been 
developed or modified to suit modern requirements 
du the past thirty years. Of the 700,000 privately- 
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compared with the importance of the standar- 
disation of wagons in regard to their running parts and 
ironwork, as the numbers to be dealt with are so large. 

We must, I think, look forward to hauling much 
longer and heavier goods and mineral trains, once our 
structure gauges are altered and our bridges are streng- 
thened, and it may not be looking too far ahead to sug- 
gest that the use of wireless ry me! is one of the 
things which is going to help in the operation of long 

or coal trains in the future. 

The very successful use of wireless telephony by our 
Air Force—who are using an efficient and compact 
apparatu ints to Lee ee gears of having 8 locomo- 
tive so fit at the head of a train being put in casy 
communication with another locomotive at the end 
of the train, the drivers of both being thus + to — 
together, stoppi or coming oo tenes O° 8 
on the instant of sessiving a message which could also 
be communicated to the rear guard. 

Our engineers have been justly proud of their per- 

manent way, and have considered that the form used 
in this country, consisting of a wooden sleeper, cast-iron 
chairs, and a bull-headed rail gives the best results. The 
War has brought about such ch that one wonders 
whether the immense difficulties of obtaining — 
from the Baltic ports, especially as the country in which 
ef are is now contro by enemy interests, 
will, in the future, cause any change to be made in the 
material used for our rs, and whether steel will 
any large measure take the place of wood. 
If the life of a steel sleeper is the same as thet of « 
wooden one, the 300,000 tons of steél sleepers which 
would be required to —~ the 4,500, wooden 
sleepers used each year by British railways would create 
a new steel manufacture for this country, using up our 
own pig-iron made from native ores, in the numerous 
new ‘furnaces which have been started in this 
country during the war, and saving the purchase of 
foreign-grown timber. It is true that our cast-iron chair 
does not lend itself readily to attachment to a metallic 
sleeper, and also that the earlier experiments with such 
sleepers were not altogether satisfac » but since 
then a great development in the use of ken stone 
ballast, resulting in a well-drained road-bed, has eli- 
minated the cinder ballast which was so destructive to 
steel, and it may yet be possible to consider whether 
the flanged or Vignoles rail of large section easily attached 
to a steel sleeper may not come into use if the whole 
question is looked at from the broad standpoint of 
endeavouring to help and foster our home industries. 

Such a proposition would add to the work of our iron- 
ore miners, keep our blast-furnaces, going, find our 
ment for rolling-mills, and continuous and steady work- 
for some classes of labour after the war. There is no 
reason, if such sleepers could be accepted, why ogg { 
standard dimensions should not be upon, 
their use might be as extensive in England as it is on the 
Continent to-day. i 

So much is going to be done in the future by electrical 
operation that I am led to mention that it has been my 
lot to take a somewhat active part in certain phases of 
the Government Electric Power Supply Enquiry and 
to come into contact with many of those who are in- 
terested in the supply of cheap current for industrial use, 
and this has led to the conclusion that there is a very strong 
desire on the part of all who are likely to be | con- 
sumers to see that the views e d by the tric 
Power Supply Committee as to the creation of suitable 
super r stations is well-selected districts aré carried 
out, though there are various objectors to the detail 
of the methods pro - The leading idee is, how- 
ever, one of co-operation in any well-devised scheme, and 
@ recognition of the prospective advantages of at last 
having some central ent, ponens ee know- 
ledge and power, to deal with this great electrical ques- 
tion of power supply. 

One of the most serious questions which any new 
body of electricity commissioners will have to decide 
is whether it is better to B ny your generating station 
in the midst of the coalfields or in the midst of the in- 
dustries which you desire to supply with ayy 1 Is it 
cheaper to convey the coal for generation by a ions Sine 
of railway, or to convey your current by a long of 
© ? These will be nice questions involving the 

ing of all-round costs and will vary much in 
different districts. 

The mye A demand for electric current will be far 
in excess of that for any other industry, and it is n 
to doubt whether it is wise to divorce the control of 
Generating Stations for railway supplies from the 

ment of those who are responsible for the opera- 
tion of the traffic, and the same question arises when 
some of the great municipal Ne ag for tramway working, 
as ed from a are considered. The 
movement of traffic of ry the instant 
command of r, and knowledge of the requirements 
is not likely to be + weer by those who have never 
come in contact with traffic problems. The super r 
station is a modern necessity, and the question of this 
control requires much discussion and thought. 

There have been at least three Government Depsrt- 
ments which have considered that they have interest 
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in connection with electrical matters, and their diversity 
of view has most frequently led to delay, and their 
decisions have often been guided by conservatism and, 
sometimes, want of knowledge. 

Hisctrical progress is so rapid that it cannot prosper 
without a due recognition of the necessity for accepting 
changes of method, and the vigorous youth of the industry 
connacted with it is such as to require the continuous 
assistance of broad-minded men whose one desire should 
be to assist in advancement. 

It is not only in the manufacturing districts that 
electric current will be required, as we now see that its 
use is extending to agriculture, and it is stated that 
crops subjected to the new electrical treatment show 
most advan’ ous results. This being so, it may be 
that the distribution of current in agricultural areas will 
not only assist the farmer in working the light railways 
whish I mention elsewhere, but the very fact of current 
being thus used will facilitate its distribution along 
roais in the country where, if he will, the farmer can 
make use of it for the stimulation of his cornfields. 

Had it not been for the war, I believe a very great 
extension of the use of electric power would have taken 
place in railway-working, whereas no great additions to 
electrical plant—where they had not been initiated 
before the commencement of hostilities—have been 
possible during the last four years. The three chief 
adiditions to our electrical mileage which have been opened 
recently are those of the London and South-Western 
Railway for suburban traffic, the London and North- 
W stern lines to Watford, and the Lancashire and 
Yorkshire Railway between Manchester, Bury, and 
Holeombe Brook. The voltage at the third rail is 600 
for the two former, and 1,200 for the latter. 

So far there does not appear to be any reason for 
supposing that when we can begin again to do work of 
this kind it will be rapidly extended for long lengths 
of main line of railway, but electrical working will remain 
for the present as a great stimulator of suburban traffic. 
It really is remarkable how, when each suburban line 
has been worked by electrical trains with great fre- 
quency and increased rapidity, there has been a very 
great growth of passenger traffic, and I cannot help 
thinking that the probable course of events will be that 
we s all find that electrification of the lines immediately 
round our great towns will quickly take place all over 
the country, and probably ‘be added to in widening 
circles as time goes on; but it is not until these widening 
circles begin to touch one another, and thus enable longer- 
distance trains to run between one great centre and 
another, that we shall see electrical working used for 
long-distance passenger-trains The additional revenue 
rey tired to pay interest on the large capital outlay can 
be made most rapidly from the suburban traffic in well- 
sslected districts and then the extension of main-line 
work can be carried out without an outlay which taken 
by itself might be unremunerative. 

For shunting and a in and about large towns 
wheres there are already electrical railways for suburban 
traffic, there seems to be an immediate future, and we 
shall possibly see the application of such methods to 
heavy goois-trains at a later date. 

When expressing the hope of secing great progress 
in the future for electric traction, I would again, as I 
have done on several occasion in this room, venture 
to suggest that there is much to be gained by regenera. 
tive control on electric railways. The difficulties of 
obtaining it in all forms of electric traction are known, 
but let us hope they may be swept away. It seems a 
barbarous thing to continue to convert power at every 
stop into heat by the abrasion of the tyre and the brake 
block instead of turning the stored-up energy of the 
train into useful work by the generation of current. 

The very ful operati in America which were 
detailed to us by Mr. Hobart in his ‘‘ James Forrest ”’ 
Lecture are an indication of what can be done in 
hauling heavy trains by electric locomotives. It may 
be y to ion one or two cases where our 
American friends have produced extremely powerful 
electric locomotives to show the way in which they are 
seeking for more efficient haulage. For instance, a 
very powerful electric passenger locomotive for the 
Chicago, Milwaukee and St. Paul Railway has been : 
duced of 3,200 h.p., with a tractive effort of 112,000 Ibs.., 
measuring 90 ft. overall, weighing 266 tons, and having 
an adhesive weight of 330,000 Ibs. 

For freight services the Pennsylvania Railroad has 
built an elsctric locomotive weighing 240 tons, of which 
198 tons is on the 12 driving wheels. It has a starting 
tractive effort of 130,000 Ibs., and it is fitted with re- 
generative control. In this case two locomotives are 
used, one at the head and the other at the tail of the 
train. When operating with two locomotives it is 
intended to haul loads of 6,300 tons on a ruling grade of 
1-33 per cent. 

It is harily likely that any system of unification of 
main-line rai mo will lead to any large additions to 
their mileage after the war, but that junctions and 
connections will be put in here and there is probable 
to enable cross-country services to be s There 
is however another field which will call for much engineer- 
ing skill and commercial forethought in connection with 
agricultural lines. If this country is to become a much 
groater food-producing tre than it has been in the 
past, ampls facilities for transport will be required by the 
far ning oe aeeig for their products, and curiously 
enoigh the war has created the possibility of finding 
mat rials for agricultural light railways of a very suitable 
——- and findingthem at once on the conclusion 
of peace. 

here are many hundreds of miles of 60 centimetre 
guise railways, which have been laid by the British in 
rance, together with thousands of trucks and locomo- 
tives. When these are brought home they might well 














be used for a well-thought-out scheme of agricultural 
lines. When this becomes possible a suitable committee 
of engineers and road surveyors, in combination with the 

of Agriculture, could decide where and how they 
should be laid to be of the greatest use to the nation. 
They should not in any way be hampered by existing 
light railway or tramway legislation, but should be 
constructed under new rules which should be formulated 
to enable them to be built in the most economical way, 
and thus avoid having their first cost overweighted with 
unnecessary requirements. It would seem that such 
a proposal would find a good deal of new work, involving 
the consideration of many new points. 

We shall have to brace ourselves to meet another 
great competition in the carrying trade owing to the 
wonderful increase in the shipbuilding capacity of the 
United States. Mr. Edward N. Hurley, of the United 
States Shipping Board, has stated that their ship- 
building programme will give them by the end of 1920, 
25,000,000 tons of shipping, and whatever we may gain 
by the destruction of the ships of our enemies we shall 
find more than counterbalanced by the active business 
capacity of our friends, as Mr. Hurley is surely right 
when he says that their great war effort will ‘‘ make them 
a great maritime nation.” 

re has been no greater example during the war of 
concentrated engineering effort than the construction 
of the Hog Island Shipbuilding Yard in America. Hog 
Island was a swamp in October, 1917, when work was 
started on the 900 acres. The owners have contracted 
to turn out 120 ships in 22 months, dating from Sep- 
tember, 1917, the date of the first contract. There 
are 10 yards of five berths each, each set of five having a 
complete organisation subject to a central control, 
which employs a staff of 30,000 men with the most com- 
plete up-to-date = and every kind of organisa- 
tion for housing, feeding, and looking after the welfare 
of the whole staff. 

This is but one of the American yards, and with such 
facilities and boundless energy, we can hardly expect 
that after the war these great centres will not become 
most active competitors with our own shipbuilders. 

In our competition with the rest of the world we must 
always remember that we have to take into account the 
natural advantages as well as the accumulated ex- 
perience of other countries. Those countries which are 
rich in water-power have opportunities of creating 
current at low prices and transmitting it to long dis- 
tances. America is but one of the countries which is 
so happily furnished, and we are even now told that 
Norway is exporting current by cable to Denmark from 
generating stations run by the wealth of water in her 
many waterfalls. 

In addition to this cur friends in the United States 
have the benefit of cheap coal. The Coal Conservation 
Committee (Ministry of Reconstruction) in their Final 
Report* show that the output of coal per man employed 
above and below ground at United States collieries in 
1913 was 681 tons, as compared with 259 tons per head 
in Great Britain. 

Whether this is due to the coal being easier to get, or 
to the great use of machinery, or to gre er exertion per 
man, or less restriction of hours, or to a combination of 
all these points, the fact remains that it has been possible 
for the American railways to purchase locomotive coal 
at the pit’s mouth, during a number of years before the 
war, in the United States at about one-half the price 
at which coal could be purchased for the same purpose in 
this country. 

All these prospects of keen competition are but 
additional reasons for continuing the search for new 
methods of reducing costs of transportation per ton- 
mile, whether by water or by rail, and if we are to be 
successful in the economical production of our engineering 
output and are to continue to exchange our machinery 
for the commodities which we require from the rest 
of the world for our manufactures, no trouble will be 
too sya and no forethought thrown away which will 
enable us to maintain our National position. 





ELECTRIC WELDING AS APPLIED TO 
STEEL SHIP CONSTRUCTION. 
INTRODUCTION. 

By H. A. Hornor, Member. 


Is March of this year the Emergency Fleet Corpora- 
tion appointed a special committee to investigate and 
advise the corporation on the status of the art of electric 
welding and its ible employment in hastening the 
completion of the steel ship programme. Sucker 
Comfort A. Adams was selec as chairman of this 
committee, not only because of his long study of the 
subject, but also on account of his energy in organising 
a similar committee as a sub-committee of the Research 
Committee of the American Institute of Electrical 

ineers. This origi committee had already 
gathered a great deal of important data and had 
with the United States Shipping Board for the visits of 
Captain Caldwell to this country for the purpose of 
explaining the methods and extent of the application in 
Great Britain. 

One of the earliest suggestions of the Electric Welding 
Committee was the necessity for trained operators, and 





* (Cd. 9084) 1918, p. 61. 
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the Emergency Fleet Corporation, acting upon this 
suggestion, added a branch for the study of this subject 
to the Education and Training Section. main 


purpose of this work is to provide skilled men to the 
shipbuilders, not only for the performance of good 
welding, but to act as instructors for other workmen. 
It was early recogni that the operator, alth 
most important in the actual making of a good weld, 
required something far more important back of him in 
the accomplishment of perfect joints in the steel structure 
of a pacane: 4 No man on the Welding Committee to-day 
fails to realise that the joining of the essential parts of a 
ship is a vital and serious question. On the other hand, 
no member of the committee doubts that, if these joints 
are designed after careful study by the naval architect, 
the engineer, and technician, the application can be made 
most successfully with a resultant of increased speed of 
construction. With this in mind, the Fleet Corporation 
desired to discuss all the questions connected with this 
subject with the technicians of the shipbuilding industry 
in order that no detail, no matter how minute, should 
escape complete investigation before this industry 
broadened its field of action. Therefore, a programme 
was prepared to cover in general the entire subject and 
to encourage a full consideration of the details involved. 
A cursory glance at this programme will show that the 


fundamentals of the art had not been ped in any 
specific order, and that no symbols had been er oN 
so that drawings of a comprehensive nature could be 


prepared. The first discussion consists of an explanation 
of the proper nomenclature and symbols that have now 
been approved as standard by the Electric Welding 
Committee. The language, having once been introduced, 
the investigator turns naturally to the tools which are 
now available for performing the work. This forms the 
subject of the second discussion. With these two 
important factors, the third discussion naturally turns 
to the advantages that may be gained in their use in the 
construction of the steel ship. This latter subject applies 
both to the present riveted ship and the future ship 
that may be more largely welded, a subject discussed 
in the fourth and fifth meetings. The sixth discussion 
makes a summary of all the precedi ones and 
emphasises the essential points dealing with the successful 
application of electric welding in steel ship construction. 





NOMENCLATURE FOR ELEcTRIC WELDING*. 
By Naval Constructor H. G. Knox, U.8.N. 


Ir is evident to all persons interested in the nomen- 
clature of welding that, if we are to avoid confusion and 
retarded progress, we must all talk the same language 
in discussing the same thing. A typical example of the 
result where the design followed the actual working 
conditions is found in the city of Brooklyn, New York, 
where, I understand, Fulton-street was laid out along 
an old cow path leading up from the ferry. As a conse- 
quence of this system of lay-out, it is very confusing to 
get about that city. The city of Washington, on the 
contrary, was laid out after considerable scientific study 
and based on the competitive desi of architects. In 
this case, the development followed after the —— and 
the result is very much more satisfactory. As a further 
illustration, you are reminded that the actual working 
steam engine was in use years before anybody dreamed of 
thermodynamics, while electricity, following its discovery 
by Benjamin Franklin, was entirely a laboratory product 
until the standardisation in nomenclature and the 
theory of the subject had been pretty well worked out. 
As a result, electricity. is a most satisfactory science to 
work in because all the terms are clear and concise, and 
I think we owe a at debt to the electrical engineers 
for their remarkable work in the standardisation of 
their rules. . 

Standard Symbols.—It is also necessary in welding 
that at the outset we adopt a uniform terminology. 
It was early suggested at one of the meetings of the 
Welding Committee that we divide all types of welded 
joints into several main classes, and that a mnemonic 
symbolism for each be adopted. First, under this 
classification would come the type of joint, such as the 
butt, the jog, the lap, the Tee and the strap. The 
mnemonic symbol pro was for the butt joint the 
symbol B, the jog, J, the lap, L, the Tee, T, and for the 
strap, 8. 

Next in point of continuity of the comp nic 
system ot symbols are the various types of weld. First, 
come the foundation or base weld, which is the first run 
put at the bottom of a heavy V, next, the bolt weld, 
then the edge weld, the fill weld, the plug weld, the seam 
weld, the tack weld, and the special types of weld. To 
illustrate : a joint called a lap filled double tack would, 
under the mnemonic system, be represented by the 
symbol LF KK. Since such a notation would be a 
great deal of bother for the draughtsman, we have formed 
other classifications, and the mnemonic system was 
abandoned in favour of a more nearly symbolic notation, 
in which certain symbols, and in some cases numbers 
have been used, with the result that the designations are 
more easily placed on the drawings. t 

Fig. 1 shows the first page of the instruction chart 
illustrating the finally-adopted bols. In the first 
group are the points which should be covered by the 
en specifications. The second group shows the 

esign, the position of the weld and the type, and this 
the draughtsman must use. There is here a slight 
similarity in the use of terms that later may be modified 
for the sake of clearness. Group three will be embodied 
later in a handbook for the shop, and will cover the 
material and size of the electrodes, the current and other 
necessary information for the guidance of the operator. 


lot. 








* Paper read before the Engineers’ Club of Philadelphis, 
June 26, 1918. 
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Type of Joint.—Figs. 2 and 3 represent one of the Space 
design subdivisions, namely, the t * of joint. These BUTT. Symbol | SINGLE'V’ Syabel Space for 
joints are all familiar to shipbuilders. charac- -é DParny Thickness 


teristic types of the strap joint are shown in Fig. 2; on 


Pig.8. 


Fig4. 

the left is an ordinary strap joint in which the joint S 

is backed up by an angle ;. En the centre, an ordit y Edge of Plate 
strap; and on the right, a joggled strap. 1 strap 

joints are symbolised by the circle. All the other (ay 

symbols which go to tell the complete story of the weld 

are placed inside that circle, as will be explained later. 

Next is the butt joirt (Fig. 4), and is denoted by the ve 

square. On the upper right is a t of joint, which, 


in the original nomenclature, was called a flanged butt. 
Then is the lap joint (Fig. 3), denoted by the triangle, 
with the apex up, and under this type is shown the plain 

















lap, the joggled lap and the flanged lap. Of the three (s628C) 

other types of joints, the first (Fig. 5) is the fillet — “ ” 
joint ; the second, the plug joint (Fig. 6), and the third Single “ V " is a term epeted Se x edge -—- of « 
(Fig. 7), the Tee joint. The fillet joint is rather hard} Butt weld is one in which two end plates or surfaces are = y my = ye wmy F to. A... tity Te 
to define other than by reference to these sketches, but brought together edge to edge and welded along the seam be ened when the “V" side of the plate is to be a 
it is the weld that is made around fittings to plates thus formed. The two plates when so welded form a maximum “strength” weld, with. the te setting 
and its use will be clear whenever the occasion arises. Pejective teed Uy otaer indieiGenl otpetn. es*iname vertically to the face of an adjoining member, and only 
It is denoted with a triangle with the apex down. The cerupe, stidleners, Ge. or the buliding Up of the weld ban J the electrode can be applied from both sides of the 


proper. 
INSTRUCTION CHART 


Figi. (= 


WITH STANDARD SYMB6OLE. 
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pousLe'yY A Space for 
Fig.5. FALET. Symbol\ 4 + Space any Thickness 
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Space 









(se2a.m 


Double “V" is a term applied to the “ edge finish” of 
two adjoining plates when the atiosins edges of both 
are bevelled from both sides of an angle, the 

egrees of which are left to the designer. To used 
when the two plates are to be “ butted” together along 
these two sides for a maximum “ strength” weld. Only 
to be used when welding can be performed from both sides 








of the plate. 
Fillet weld is one in which some fixture or member is welded Fig.0. STRAIGHT. 
to the face of a plate by welding along the vertical edge Symbol = 


of the fixture or member (see “‘ welds ” shown and marked 


“A” on illustration at left). The welding material is Space should ° should equal Wany 
applied in the corner thus formed and finished at an 5 -y — (Rikinecs 
angle of 45 deg. to the plate. (ere al ¢ Plate duckness f 



































ty: i 
PLUG. ~\ Symbot OY rhe >\ ie 
Fig.6. - 
A B s A r 
(5628.1) 








Straight is a term applied to the “ edge finish” of a plate, 
when this edge is left in its crude or sheared state. To 
be used only where maximum strength is not essential, 
or unless used in connection with strap, stiffener or frame, 
or where it is impossible to otherwise finish the edge. 
Also to be used for a “ strength” weld when = of 
two plates set vertically to each other—as the edge of 
a box. 


Fig.i). sinote sevec. Symbol > 





























WK for 4 du 
= me“ 
ome wae is Xf - A. oe ey male by vedios 
thro a e in either one pl > or bot tes os 
(Fig, B). Also used for filling through a bolt hole'as at pigpace tary 
Fig. C, or for added strength when fastening fixtures to 
the face of a plate by drilling a countersunk hole t! h 
($628.8) the fixture (Fig. D) and applying the welding mater 
through this hole, as at Fig. D, thereby fastening the } 
Strap weld is one in which the seam of two adjoining plates fixture to the plate at this point. : 
or surfaces is reinforced by any form or shape to add 
oo pny stability " iy ee or plate. In this form 
of wel é seam can only welded from the side of the “4 q 
work opposite the reinforcement, and the reinforcement TEE. Fig. 7 
of whatever shape must be welded from the side of the cam bevel is a term ogee to the edge finish of a plate 
work to which the reinforcement is applied. symoot\ J when this edge is bevelled from one side only to an angle, 
B the d of which are left to the designer. To bejused 


for “ s h”’ vane ee the electrode can be applied 
from one side of the plate only, or where it is impossible 


| to finish the adjoining welding surface. 


Fig.12. oovece sever, Symbol > 
































(s6@26.F) 

Tee weld is one where one plate is welded vertically to This be 
another, as in the case of edge of a transverse bulk- é wr 

head (Fig. A) being welded. against the shell plating or S620.) or 

deck. a weld which in all cases requires: ex- 

ceptional care and can only be used where it is ble Double bevel is a term applied to the edge finish of two 
So warts trom both siden of she vertical ate used adjoining plates when adjoining edges of both plates 
for welding a rod in a vertical position to a flat surface, are bevelled from one side ont to an angle, the d 
papery bla Uy GA ky ee of which are left to the designer. To used ‘where 
to s pipe stanchion (Fig. B), os in the case of water-closet maximum strength {s and where electrode can 
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Flat pein is determined when the welding material is 
applied to a surface on the same plane as the dec’ 
owing the electrode to be held in an upright or vert 
position. The welding surface may be entirely on a e 
with the deck, or one side am Bony vertical to the deck and 
welded to an adjoining mem that is on a plane with 


the deck. 

Horizontal position is determined when the w material 
is applied to a seam or opening the By which is 
vertical to the deck and the line of weld is parallel with 


the deck, allowing the electrode to be held in an inboard 


or outboard position. 

Vertical ition is determined when the tay Ly apy 
is applied to a surface or seam whose line ex ina 
direction from one deck to the deck above, less 


of whether the adjoining members are on a single plane 

: or at an angle to each other. Jn this position of weld the 
electrode would also be held in a partially horizontal 
position to the. work. 

Overhead — is determined when the welding material 
is applied fcom the under side of any member whose plane 
is pacailel to the deck and necessitates the electrode being 
held in a downright or inverted position. 








A tack weld is spplying the welding material in small 
sections to hold two edges together, and should always 
be — by giving the space from centre to centre of 
weld and the length of the weld itself. No particular 
“ design of weld” is necessary of consideration. A tack 
is also used for temporarily holding material in place that 
is to be solidly welded, until the proper alignment and 
position are obtained, and in this case, neither the length, 
space, nor design of weld is to be specified. 


CAUL KING. 


Fig. 15. 


Symbol -T- 





A caulking weld is one in which the density of the crystalline 
metal used to close up the seam or 0) ng is such that no 
possible leakage is visible under a water, oil or air pressure 
of 25 1b. persquareinch. The ultimate strength of a caulk- 
ing weld is not of material importance; nei is the 
“design of weld" of this kind necessary of consideration. 
The operator must be the judge in the number of layers 
needed for a tight weld, although the designer should 
specify a minimum amount of layers. 


STRENGTH. 





Symbol. 8. 





A strength weld is one in which the sectional area of the 
material must be 80 considered that its tensile 


and elongation juare inch must be equal at. 
least to 80 per cent. of the ultima + 
inch of the 


te par 
and. specified by the design moe ted ined 
er. e Ww 
can be ip eng number of Re... beyond a misievam 


The density the crystalline metals is pot of 
vitalimportance. 
In this form of weld, the “design of weld~”. must be 
specified by the designer and followed by the operator. 











COMPOSITE. 


Fig .17, 
gf 4 
Ly 4 
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Symbol -9- 
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me 

eT 7 ee 

A composite weld is one in which both the st and 
density are of the most vital importance. The st: h 
must at least as specified for a “ strength ,” and 


jon to know if 





“ Reinforced” is a term applied to a weld when the top 
layer of the welding te is built up above the plane 
of the surrounding material as at Fig. A or . B above, 
or when used for a corner as in Fig. C. The of final 
layer should i a above a plane of 45 deg. to the 
adioining material. dotted ” 
in Fig. Cabove. This type isc! 
or “ composite ” kind of weld oe pen SS ang 
the maximum strength efficiency should be specifi 
by the d er, together with a minimum number of 

layers of welding material. 





“ Concave” is a term applied to a weld when the top layer 
finishes below the plane of the material as at 
Fig. G above, or beneath a e of 45 deg. at an angular 
connection as at -H J above. 

ay be ana = im sepa geen 4 
1 a seam or , or for ly w 
2 found that a m oe amount < weld: ng miateral will 

ustain a spec pound-square ressure 
without | . In this ss of weld” it will not be 
necessary for d er ordinarily to specify the number 
of layers of material, owing to the lack of structural 
importance. 


FLUSH. Symbol — 





“ Flush ” is a term applied to a weld when the top layer is 
finished perfectly or on the same plane as on the 
adjoining material as shown at Figs. D and E above, or at 
an angle of 45 deg. when used to connect two surfaces at 
an angle to each other as at Fig. F. above. 
weld is to be used where a maximum tensile strength 
all important and must be specified by the designer, 
— with a minimum number of layers of welding 
material. 





— 
12 | 
BUTT WELD, CONCAVE, CAULKING 
OF 2 LAVERS, FLAT, STRA! d 


Flat Weld, 





Fig. 24. 





















—~ | BUTT WELD, REINFORCED, 
83V| STRENGTH OF SLAYERS, 
x | VERTICAL, DOUBLE VEE. 








Fig. 22. [—— Double, Yee 
S aeeit oe a 
2 
PLATE PLATE 
Vertical Weld 











This —— is used where the edges of two plates are 
— er and welded as a strength 
mem 


. The 
with a double “V” and the minimum of three layers of 
welding material applied from each side, finished with a 
convex surface, thereby making the sectional area per ' 
uare inch of the wel wb pet than that of the plates. 
This will be a conventi symbol for shell plating or any 


other members > @ maximum le strength, 
where the wading an be done from both sides of the work. 





— | BUTT WELD, FLUSH, 
93F | COMPOSITE OF 3 LAYERS, 
<>] FLAT, DOUBLE BEVEL. 


Fig. 23 te Weld 




















129 | 
lL. DoubleBevel —~ 
($€28.r-) 





This symbol shows two plates butted together in a flat 

ition where the welding can -— be applied from the 

Yop eurtace. It shows a weld required for plating where 

strength and water-tightness are to be considered. 

The welding material is applied in a minimum of three 

layers and finished flush with the level of the plates. 

Both edges of the os I ey are bevelled to an angle, 

the degrees of w! ar to the discretion and judg- 

ment of the designer, and should only be used when it is 
impossible to weld from both sides of the work. 


rN 


LAP WELD, CONCAVE, 
CAULKING OF 2 LAYERS 
OVERHEAD ANDO FLAT, STRAIGHT. 


Fig.24 


Flat Weld 
r 











Overhead 2 


The sketch shows the edges of two plates la; each other 
less than two 


with the wi material applied in 
layers at each with a concaved caul finish, so 
+ ny as to e the welded seams absolutely water, 


r or oiltight. The edges of the plates themselves are 
left in a natural or sheared finish. Conditions of this 
kind will often occur around bulkhead door frames where 
maximum strength is not absolutely essential. 


LAP WELD, REINFORCED, 
y STRENGTH OF 3 LAYERS 


AND TACKING, 18° CEN. TOCEN, 
6° LONG, VERTICAL, STRAIGHT. 

















Fig. % 
4 “—? = 
B\ a » a 
Vertical Weld 
(628.U:) 
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thereb pptusing, the clerteade watesiel. The ight | is used where neither stre: nor tightness is needed. 
et fae were. weld, Fig. 10, with the symbol of a modified “I,” or “HH” | In fying a tack weld it is ohn to give the 
FLUSH, PLAT, OVERHEAD. placed on its side, is used only for light plates, because | le each tack and the dist rom tre to 
HORIZONTAL. . the arc is unable to get down between thicker plates | centre, so that the man on the job may know what the 
Z and make a good weld at the bottom. If it were| designer contemplated in the way of strength. The 





Horizenial 
Plug Weid 


The sketch shows a condition ¢: 
oceur in side plating where the were held in tion 
with bolts for the purpose of alignment before being welded. 
The edges are to be welded with a miniumm of three layers 
of welding material fora sti weld and finished flush, 
and after the bolts are removed, the holes thus left are to 
be filled in with welding material in a manner prescribed 
for strength welding. The edges of the plates are to be 
left in a natural or sheared state, which is customary in 
most cases of lapped welding. 


, which is apt to 


attempted to use the’arc in a deep, — ht-sided opening 
with a bare electrode, it would jump from side to side 
and Ter body of My eg ry vy afew 9 off the 
point. It is necessary, re this joint is , to vary 
the between the edges of the plate, depending upon 
the thickness of the plate. The single kevel is in some 
ways an unusual joint, not as common as the double 
bevel, but it has its uses, particularly in horizontal 
seams. It is also claimed to be more economical from 
the machining point of view, because only one plate edge 
is machined. double bevel joint is probably the one 
that will be most bnew So in ship construction. The 
symbols for the single double bevel are the single and 
double arrow. 

Position of Weld.—In are welding the position of the 
weld makes a great difference. Fig. 13 shows the four 
different positions, namely, flat, horizontal, vertical and 
overhead. The flat is the most usual and probably the 
most favourable position, as though it were being done 
on a table. The horizontal is such a seam as would be 
made on a wall along the top of the wainscoting. The 
vertical, of course, is obvious, as is also the overhead. 
As to the speed of welding, there is not much difference 
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next is a caulking weld, symbol 7, in which the prime 
requisite is not strength, but requisite density to assure 
water or oil tightness. I have great respect for the man 
who drew these , because on paper there is ve 

little difference in them. Symbol 8 is a stre: 


weld, 
and as a matter of fact, a good strength weld will be 
also a ° good caulking weld. For completion, 
however, re 


is specified a composite weld, which 
has for its symbol the figure 9. This weld has both 


alities of the wy and caulking welds. It em- 
hodies the strength the former rom | 


the density of 

the latter. 
Type of Weld.—The next subdivision is here called the 
“type of weld,” but that name may be bre pan for the 


sake of simplifying the terminology. T nee 
at least, has Lge Bm toc it to “ finish of weld,” 
The first “ t of weld” is the reinforced weld, as is 
very clearly Sewn in Figs. 18, 19, and 20 in three differ- 
ent types. In the flush type the metal is finished straight 
across, as in the case Us flush rivet. The concave 
weld shows the surface does not need to be filled up full, 
as in the case of these three illustrations. Being so closely 
related to strength, the finish of the weld will ultimately 
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plug" joint is the weld used where it is necessary to join 
one plate to another by means of punching or otherwise 
making a hole in one plate, such as for service bolts or 
other forms of preliminary bolting up work, which later 
requires filling in. It also applies to welds through holes 
in torgings used in securing the forgings to plates. The 
symbol in this case is a half-circle and straight line 
convex side up. The Tee joint, which is shown in two or 
three typical forms, is denoted by a half-circle with 
the convex side down. 

Design of Weld.—We now come to the weld itself. 
The first design, Fig. 8, is the single “‘ V,” and its symbol 
is the letter “‘V”’ placed on its side. The application of 
the V is obvious. As a matter of fact, the V-joint is 
very largely confined to heavy plates where they are 
accessible on both sides and is closely related to the bevel 
design below. The double “ V,” Fig. 9, is used in joining 
plates or forgings, and is applied in the case of joints 
in see | plates where the plates are accessible from 
both: sides 


le f 
bo . In very heavy plates a successful of 
joint may be snade by using cont tatanguiat Give Yioses, 


between the flat and the vertical, and when the welders 
become skilled there is not much choice, because they 
can make the two with equal rapidity. When the 
horizontal weld is considered, it would mpee | go only 
90 per cent. as fast as on the flat weld. e quality of the 
welds is probably about equal. On the overhead weld 
the falls, being only about 60 per cent. that of the 
flat weld. It is slow because it is difficult to make the 
are work uphill, and the strain on the o 
The strength of the welds made in different positions is 
up to the welder and there can be no rule set. Some 
experts, however, say that if the flat is 100 per cent., 
the vertical is 90 per cent., the horizontal 85 per cent., 
and the overhead 80 per cent., but that is based on the 
margin of safety rather than the actual fact, and the 
research committee, at least, is not yet to the point of 
stating that any difference in the quality of the weld 
is due to its position. 

Kind of Weld.—The next thing the designer has to tell 
the welder is the kind of weld to make. e tack weld, 








shown in Fig. 6, is represented by the symbol 6, and 


rator is greater. | t 


have to be specified by the drafting room. To-day the 
designer asks the welder how to best do a job, but of 


course, ultimately, the design properly symbolised will 
be shown on the drawing or else will be covered by 
standard specifications. 


Fig. 21 shows the combination of symbols. The square 
is the symbol of the butt joint. The inverted half-moon 
inside the are at the top shows that it is a concave 
of weld. Underneath this the first numeral “7” 
shows that it is a caulking weld, the next numeral “ 2” 
behind the “7” shows that the operator must put in 
two layers. The letter “F” on the same line shows 
that the ition of the weld is flat and the “I” in the 
bottom of the square indicates that the design of the weld 
is straight. In the next diagram (Fig. 22) the symbols 
rasy be read off in the same way as above illustrated. 
In the third diagram on Fig. 3 the square symbol 
indicates the butt weld, the dash in the top of the square 
shows that it is flush, the numeral “9” shows that it is 
composite, numeral “3” determines the number of 
layers, the letter “‘F”’’ makes it a flat weld and at the 
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bottom the dash with the arrow heads on each end 


designates it as a double bevel desig 
Fig. 24 illustrates some additional symbols showing a 
caulking weld of two layers. It is shown both overhead 
and flat and the plate finish is straight. The second 
di m ‘in Fig. 25 is more complicated, and is of a lap 
weld, reinforced with three layers after ape The 
distance of the tacking from centre to centre length 
of the tacks and the finish are all given. The third 
diagram in Fig. 26 is another application of the same 
thing, in which two kinds of joints appear, the symbols 
being superimposed, indicating that it is a plug and 
lap joint. Many combinations of symbols have been 
worked out and are very interesting, as is also the ease 
with which they may be placed on the drawing. 
Design of Battle-Towing Target.—Fig. 27 shows a 
portion of the steel keel for a battle-towing target now 
building at the Norfolk Navy Yard. The nm was 
prepared for me by the Sub-Committee of Design of 
the Electric Welding Committee, and shows the 





NOTES FROM SOUTH YORKSHIRE. 
« SHEFFIELD, Wednesday, 

Iron and Steel.—Business in engineering steel and 
armaments shows no marked change, although the 
probability of an early peace has caused somewhat 
of a flutter among employers and workmen alike, and 
considerable speculation as to what will happen in the 
changing-over period. No very clear idea is expressed 
as to what will be the position of the steel trade when 
hostilities ce Stocks of steel and steel products 
throughout the world are depleted, and according to 
the ordinary law of economics a brisk business should 
follow the removal of the existing artificial restrictions. 
The present inflated prices, however, will cramp the 
market in many directions, and consumers will be 
cautious not to be caught with big stocks. At present 
in some departments there is a falling-off in employment, 

due chiefly to over production of special qualities, 





of building the steel keel with electrically-welded joints. 
lt also demonstrates the ease of applying the symbols 
which I have just explained, and I wish to call attention 
to the lack of the usual dimensioning that would be 
necessary on a similar riveted structure. The upper 
structure is of wood, The buoyancy is all in the wood 
so that if the target is shot to pieces the structure will 
still float. The wood is fitted to the shelf and built 
up to quite a height. The keel goes down some 15 ft. 
and is about a foot and a half wide. The sides are of 
15-lb. plates and the floors are set up between the two 
sides. This keel is full of water and pig-iron so as to 
hold the target vertically. This structure is rigid and 
subject to all the wave stresses that are met at sea. 
While it is not a ship, it is, nevertheless, subjected to 
the same stresses and sea conditions that would affect 
any sea-going vessel, and we hope by introducing a 
variety of welds in this job to get a good line on the 
possibilities of electric welding. 

In Fig. 27 are included a number of details of the 
welded joints, and there again emphasise the ease and 
rapidity with which drawings for welded construction 
can be made. There will no doubt be a great deal of 
saving in the drafting room, as well as in the shop 
when this application is generally applied to shipbuilding 
processes, 

This practically finishes the tion of nomenclature. 
It is not so complicated after all in its conception, and I 
do not think it will be found very complicated in practice. 
Its use is absolutely necessary, if we are going to under- 
stand each other as we must. 

I consider, however, that the main message that I 
can deliver to the shipbuilder is—For goodness’ sake, go 
ahead and use arc welding. We do not want arc welding 
of the whole ship yet, nor do we want to do extensive 
jobs, but there are thousands of jobs that can be done 
profitably, in money and time, by the help of arc welding, 
and by the help of the classification societies, which have 
alre done so much in opening up the extensive 
field of this very remarkable addition to the industry 
of shipbuilding. 








FALKLAND Istanps Surepine 1n 1917.—Duri the 
year 1917, accordi to the report of the Colonial 
Secretary of the Falkland Islands, 12 sailing vessels 
were entered in the Colony, with a total tonnage of 
16,005, as compared with 21 in 1916, with a total tonnage 


of 26,361. Only one of these vessels was British, her 
tonnage being 2,324. The number of steam vessels 
entered was 59, with a total tonnage of 117,127, as 


compared with 103 in 1916, with a total tonnage of 
227,193. Of the above 59 vessels entered, 32 were 
British, with a tonnage of 89,984. 





InTEeRESTING Satvace Worxk.—An interesting piece 
of salvage work has just been completed by the Salvage 
Section of the Admiralty. The steamship Araby, of 
about 3,300 tons register, bound from the Argentine 
with a cargo of oats, ran aground on the French Coast 
on December 21, 1916. e vessel was refloated on 
December 23, and whilst being assisted into a harbour, 
then very busily engaged on war service, the towing 
hawsers parted. The forepart of the steamer ran up 
on to one of the harbour piers and the after end on to the 
other pier, causing the ship to become firmly fixed fore 
and aft athwart the harbour entrance. A few hours 
later the steamer broke her back near the stokehold 
bulkhead. The stokehold, engine-room and No. 2 hold 
filled rapidly, and the water also gained access into 
Nos. 3 and 4 holds. The vessel’s decks, with exception 
of the poop and forecastle decks, were submerged at 
high water. In view of the great national interests 
involved, salvage operations were commenced imme- 
diately, the wreck being subsequently lifted partially 
by camels and partially by pumping and taken in 
harbour. The Araby, broken in two, was held 
together only by a few deck plates, &. These plates 
were cut apart by oxy-acetylene zas, and the two halves 
filling they settled down on an even keel. By 
January 18, 1917, both halves were refloated and 
beached inside of the harbour clear of all traffic. Pending 
opportunity to remove the two portions of the wreck, 
they were allowed to lie in this position until this summer, 
when the space occupied being urgently required 
by the military authorities, steps were taken to remove 
them, In the meantime the two halves of the vessel 
had been made watertight by the erection of concrete 
bulkheads at the after end of the fore half and the fore 
end of the after hold. In July the two halves were 
prepared for sea. By August 15 both halves were 
refloated —_ nota Bi oe across the Channel to a 
repairing yard on the Thames where preparations have 
been made to reconstruct the ship. 








thod | as aerop and similar steels, restrictions of export 
and like causes. Export certificates, however, are being 
more freely granted, and a good trade done with South 
Africa poof th America and India. Manufacturers 
of engineering tools are still working at high pressure, 
but the production, with the present depleted staffs, 
shows no sign of overtaking the 1 d d. The 





temoval of the embargo on rustless steel has brought 
that material again into prominence, It is at present 
used for many purposes in aeroplanes, gun parts, &c., 
where its rustless quality is invaluable. The Govern- 
ment have now agreed to ration a portion to the cutlery 
trade for stainless knives, and it is expected that the 
material will in the early future be found useful in certain 
parts of agricultural machinery. Agricultural and 
garden tools continue in brisk demand for both home 
and Army requirements. The inquiry for trenching 
tools has increased considerably since the arrival of the 
American troops in Euro The seasonal demand for 
scythes and sickles has this year been exceptionally 
heavy, and has taxed the makers far beyond their 
productive capacity. 


South Yorkshire Coal Trade.—There has been little 
change of importance on the Coal Exchange during the 
week, there being practically nothing to offer on the 
open market. In house coal the position is'as tight 
as ever. The quantity allocated to the Metropolitan 
area is short of requirements for current orders. The 
demand continues at a high level, and merchants com- 
plain of their inability to deal with the orders on hand. 
A material shortage is also reported from both the 
southern and eastern counties. Industrial fuels are 
in active request. Collieries are fully occupied in dealing 
with Government and contract orders, and when these 
are satisfied there is no free coal left. The export trade 
is limited to the requirements of allied countries, there 
being no supplies for neutral markets. Cokes of all 
descriptions are actively sought after, and maximum 
prices are ruling. Quotations:—Best branch hand- 
picked, 27s. to 28s.; Barnsley best Silkstone, 27s. to 
278. 6d.; Derbyshire best brights, 25s. to 26s.; Derby- 
shire house coal, 22s. 6d. to 33s. 6d.; best large nuts, 
228. 6d. to 23s. 6d.; small nuts, 21s. 6d. to 22s. 6d. ; 
Yorkshire hards, 22s. 6d. to 23s, 6d. ; Derbyshire hards, 
21s. 9d. to 228, 9d.; best slacks, 18s. to 19s.; seconds, 
16s, to 188. ; smalls, 13¢. to 14s. 





IMPORTERS AND THE MINIsTRY oF MuUNITIONS.—The 
Minister of Munitions desires to call the attention of 
importers to the fact that the issue of import licences 
by the Board of Trade does not exempt importers from 
the necessity of obtaining any further licence or permit 
from the Ministry of Munitions which may be,necessary 
by virtue of any order or regulation relating thereto. 





A LarcGE CarGo CaRRIER,—The Greenock and Grange- 
mouth Dockyard Company launched on October 23 the 
largest vessel they have yet constructed, the Clan 
MacWilliam, a handsome cargo carrier of 10,200 tons 
deadweight. She is 423 ft. long and 56 ft. broad, with 
26 ft. 10 in. cargo depth. She is built on the Millar 
system of longitudinal bottom and deck combined with 
transverse side framing. This method of construction 
is designed to give a stronger ship, with clearer hold 
space, and greater cargo-carrying capacity for the same 

isplacement. She will carry ordinary cargo on her 
owners’ regular service. 





INCREASED USE OF PNEUMATIC RivEeTING TooLs.— 
News of the rapidly-increasing use of pneumatic riveting 
tools comes from both Clyde and Tyne areas. It has 
been one of the most marked features of the work of 
the Clyde shipyards during the last two or three months, 
and by the end of the year the extended use of these 
important tools will be reflected in the greater output 
of vessels on both the upper and lower reaches of the 
river. Most of the yards have now installed the necessary 
compressing apparatus, Thanks to the new arrangement 
for levelling up the wages of the men while they are 
learning to operate the machine, there has been no 
scarcity of willing workers. One important firm last 
week my. gt arrangements for doubling their present 
holding of pneumatic tools and expect no difficulty in 
securing the necessary number of riveters. In the 
graving docks and repairs establishments on Tyneside 
480 pneumatic riveting hammers are now in use. Mr, 
G. J. Rowe, Boile rs’ delegate, says, “As fast as 
the makers can turn the tools out “7 are being utilised 
by our members in this district. All prejudice against 
them hascompletely broken down, and I do not anticipate 
the slightest trouble in the future as far as the men are 
concerned,” 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Makers of Cleveland 
foundry iron are hesitating to book orders, and a large 
ape wed of the November allocations have not yet 
n placed, producers pointing out that it is little use 
committing themselves to contracts they see little or no 
likelihood of fulfilling. Forge iron, which until quite 
recently was very plentiful, is now by no means so easily 
obtained. The main cause of complaint, however, is 
the truck shortage. At some of the works supply has 
been a trifle better in consequence of strong representa- 
tions of traders, but at other establishments the situation 
is as bad as ever, and on the whole, the shortage is 
still very pronounced. Wherever practicable lighters 
are used to deliver iron, and steamers are being more 
extensively used for despatch to Scotland and East Coast 
ports. With tonnage for abroad coming forward fairly 
well, shipments to the Allies are maintained on a sub- 
stantial scale, and occasionally a parcel is released for 
neutral destinations. For home consumption, No. 3 
Cleveland pig-iron, No. 4 foundry and No. 4 forge are all 
qooren 95s., and No. 1 is 99s.; and for shipment to 
rance and Italy, No. 3 and the lower qualities are 
1228. 9d. and No. 1 is 127s. 9d. 


Hematite Iron.—The position as regards East Coast 
hematite is satisfactory, having been much relieved by 
the more extensive use of basic iron for steel-making. 
Furnaces on both hematite and basic appear to be working 
well. There is no real shortage of either quality, but 
at the same time, the output is passing promptly into 
consumption. Needs of home consumers of hematite 
are adequately met, and fair quantities are available 
for despatch to the Allies. Nos. 1, 2 and 3, 122s, 6d. 
— use and 147s. 6d. for export to France and 

taly. 


Manufactured Iron and Steel_—In finished iron and 
steel some inquiry on post-war account is reported. 
There is, however, no abatement in pressure for delivery, 
and manufacturers appear to be keeping pace with the 
requirements. Firms are chiefly eng on the pro- 
duction of shipbuilding material and constructional 
steel, and the opinion prevails that the transition from 
war to peace will not diminish to any at extent the 
demands now being made on local wool. Supplies of 
material direct to shipyards, and also to bridge yards, 
where fabricated ships are being constructed, are heavy. 
Prices, all round, are fully maintained. Current quota- 
tions in the home trade are as follow :—Common iron 
bars, 4/. 15s.; best bars, 15/. 158.; double best bars, 
16/. 15s.; triple best bars, 17/. 15s.; iron ship plates, 
15. 10s. ; iron ship angles, 13/. 17s. 6d. ; iron ship rivets, 
21l.; steel ship plates, 11/. 108.; steel ship angles, 
11/, 28. 6d.; steel boiler plates, 121. 10s.; steel strip, 
171. 108.; steel hoops, 18/.; and heavy sections of steel 
rails, 10/. 178. 6d.—all f.o.t. at works. There are no 
fixed prices for export, but they may be given as approxi- 
mately 40s. above home quotations. 


Shipments of Iron and Steel.—Shipments of iron and 
steel from the port of Middlesbrough for the month of 
October were considerably below what was looked for, 
the aggregate being little better than the total for 
September which, with one exception, was the lowest 
since the outbreak of war. Last month’s loadings of 
pig-iron amounted to 29,092 tons, as compared with 
29,579 tons for the preceding month. Only 173 tons of 
manufactured iron were shipped, as against 1,160 tons 
in September. Steel cleared amounted to 9,357 tons, 
as compared with 5,578 tons for the previous month. 
Coastwise shipments of pig-iron for October were 
returned at 8,281 tons, as against 6,166 tons for Septem- 
ber, and foreign clearances at 20,811 tons, as compared 
with 24,001 tons for the previous month. Clearances of 
manufactured iron not 4 steel coastwise last month 
totalled 1,14] tons, whilst 8,389 tons went abroad. 


Coke.—The coke position shows some improvement. 
Delivery to local blast furnaces is satisfactory, and whilst 
needs in other directions are not fully met, supply is 
better. Ave furnace coke is 33s. at the ovens ; and 
quality low in phosphorus, 35s. 6d. at the ovens. Foundry 
coke for shipment to neutrals is put at 65s. f.o.b. 





InstiITUTION oF ELEectTricaL ENGINEERS: MODEL 
GENERAL CoNDITIONS FoR ConrRacts.—In the case of 
contracts made on and after January 1, 1919, the 
amounts of the instalments of the retention money 
specified in Clause 24 (2) will be altered from 10 per cent. 
tag per cent, to 15 per cent. and 5 per cent, respec- 
tively. 





WaAsTE IN THE USE oF FueL O1.—An investigation 
recently conducted by the United States Bureau of 
Mines in co-operation with the Fuel Administration, says 
The Iron Age, New York, has furnished data for the 
statement now made that fuel sufficient to operate the 
railroads of the country for one month is being wasted 
every year by the users of fuel oil. Stated in other 
terms, the waste in the use of fuel oil is five times the 
fuel necessary for all the Federal Government con- 
sumption, including that of the Navy and Army. Last 
year's consumption amounted to 160,000,000 barrels of 
fuel oil, and 40,000,000 barrels, or one-fourth of the entire 
amount was wasted. At 3-50 dols. per barrel, this 
represents 140,000,000 dols. As one result of the 
investigation, a hand book for boiler plant and locomotive 
engineers on the efficient use of oil as fuel has been issued 
by the Bureau of Mines, giving instructions to all 


operators of oil-burning plants. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scotch Steel Trade.—The military and international 
situation—notwithstanding the prospect of peace in 
the near future—in no way detracts from the ition 
so far as the manufacture of steel in the West of Scotland 
is concerned, Every mill is running to its fullest 
capacity, and Government orders are being turned out 
with all. possible despatch, the result being that the 
home demands are now well in hand, with material to 
spare, for export trade, were it considered advisable 
to set this going once more. At the moment, however, 
some limited consignments to France, Italy and the 
Indian State Railways represent the entire overseas’ 
shipments. So far as the immediate future can be 
reckoned upon, there is little fear of any slackness, as 
manufacturers are just awaiting the termination of their 
war contracts to turn on to the work which has been 
requisitioned from time to time during the past few 
months by their ordinary commercial customers. The 
orders already accepted on these conditions are sufficient 
to keep things going until business can be reorganised on 
a satisfactory basis. Numerous inquiries too are 
coming to hand from France and Belgium for the con- 
structional material necessary to. 7 ye the —— of 
war. Meantime the requirements of the shipy: are 
a heavy item, and so also are the light railway sections 
which are in such constant demand for war purposes. 


Malleable Iron Trade.—In the malleable iron trade, 
war work still usurps the entire time and attention of 
makers, and mills are running without cessation rolling 
the bars required for the many orders which have been 
booked. This work of national importance is so clamant 
that, although persistent inquiries have been made by 
ordinary mercantile consumers for material: to be 
delivered after the war, these cannot be considered 
meantime. For the same reason requisitions for export 
are being declined practically every day. Only high 
priority claims can be dealt with, alike in the iron and 
the steel departments. 


Scotch Pig-Iron Trade.—Pig-Iron of all grades con- 
tinues in heavy demand and smelters find themselves 
quite unable to deal with all the business for which 
consumers are pushing. War work swallows up the 
entire Output and very little is available for export. 
The shortage of coal still constitutes a situation of much 
gravity, but even with this the output is being steadily 
maintained. As things are there seems little chance 
of any falling-off either in demand or supply for a 
considerable period to come. 





Royat Instirution.—A general meeting of the 
members of the Royal Institution was held on the after- 
noon of the 4th inst., His Grace the Duke of North- 
umberland in the chair. Special thanks were returned to 
Mr. R. Pearce for his donation of 1001. to the Research 
Fund. It was announced by the secretary that the 
Christmas course of Juvenile Lectures would be delivered 
by Professor D’Arcy Thompson, the subject being 
“The Fish of the Sea.” 





THE Late Mr. Epwarp Bennis.—We regret to have 
to announce the death of Mr. Edward mnis, the 
principal, founder and managing director of the firm of 
Ed. Bennis and Co., Limited, which occurred: at his 
residence, Beech Hill, Astley Bridge, Bolton, on Octo- 
ber 29. Mr. Bennis was born in Limerick in 1838, and 
was educated at the Quaker College of Newtown, Water- 
ford. On leaving the college, he was apprenticed to 
Mr. Thomas Chandler, of Balls Mills, Waterford; he 
subsequently entered the service of Mr. Peter Moore 
Fisher, of Pilton, Cork. He afterwards started in 
business on his own account, and within a few years 
had acquired a competence which enabled him to retire ; 
he then lived in Paris and in London. Some years later, 
he entered business afresh and took an. active interest 
in the mechanical firing of boilers, joining Mr. Dillwyn 
Smith, of Philadelphia. Works were started in Liver- 
pool, but Mr. Bennis soon came to the conclusion that 
the system which provided only for throwing the fuel 
on the fire was incomplete, and that better results were 
possible if an efficient furnace were devised by which 
the fire-bars could be automatically freed from clinkers, 
whilst the machine distributed the fuel over the fire. 
He invented a anaes nc | furnace ; a great increase in 
evaporation was obtai in boilers fitted with his 
apparatus, the smoke nuisance was lessened. and. a 
considerable economy-in fuel was effected which soon 
paid for the machinery. Mr. Bennis continued to 
improve his machine and established his works in Bolton, 
which was a better centre for his operations, A new 
principle of firing was later introduced, in which the 
coal was spread over the fire by the action of a striker 
which distributed it intermittently. At the Manchester 
Sanitary Exhibition, 1882, a competition of mechanical 
stokers was held, at which Mr. Bennis won the medal 
issued for merit on the points of smoke abatement, 
power and efficiency. Later, at the Yorkshire Jubilee 


Exhibition, he received the gold medal, which was. 


awarded for the best system of machine-firing. More 
recently, a newer 8 m has been introdu by Mr. 
Bennis, in conjunction with his son, in which alt the 
aivantages of forced draught, machine-firing, induced 
draught and self-cleaning furnace have been concentrated. 
The works at Bolton being found too small in 1904, a site 
lor a new factory was obtained at Little Hulton, near 
Bolton, where large works have been put down. The 
history of Mr. Bennis, of which a very brief abstract is 
given in the fon oing, is a record of high endeavour 
and of work wel! p Hey t 


NOTICES OF MEETINGS. 


Tue Puysicat Society or Lonpon.—Friday, Novem- 
ber 8, at 5 p.m., at the Imperial College of Science, 
Imperial Institute-road, South Kensington, 8.W. 
Agenda: (1) ‘‘Low Voltage Arcs in Metallic Vapours,” 
by Professor J. C. McLennan, F.R.8.; (2) ‘‘ Relativit 
and Gravitation,” by Mr. W. Wilson, D.8c.; (3) “ 
Demonstration of we a ge illustrating Colour 
Blindness,” by Mr. Charles R. Gibson, F.R.S.E. 
Norts-East Coast INstITUTION oF ENGINEERS AND 
Surrsurtpers.—Friday, November 8, at 6.15 p.m., 
in the Lecture Theatre of the Literary and Philosophical 
Society, Newcastle-upon-Tyne, the following Lecture 
will be given: “ tric Welding for EO 
Purposes,” by Mr. W. 8. Abell, M.Eng., M.N.E.C. Inst., 
Chief Ship Surveyor of Lloyd’s Register. 

KEIGHLEY ASSOCIATION OF ENGINEERS.—Saturday, 
November 9, in the Assembly Room of the Cycling Club, 
the second lecture of the session will be given by Mr. W. 
Bowen, of Leeds. Subject: ‘“‘Pyrometers and other 
Instruments in Connection with Heat Treatment.” 
Chair to be taken at 6.30 p.m. by the president, Mr. H. 
Widdop. 

THe MANCHESTER ASSOCIATION OF ENGINEERS.— 
Saturday Evening, November 9, at the Grand Hotel, 
Aytoun-street, when a paper entitled “ Workshop 
Measurements, with Special Reference to the Limit 
System,” will be read by Mr. W. F. Rhodes, M.I.MechE. 
(Member). The paper will be illustrated by lantern 
slides, The chair will be taken at 6.30 p.m. 


THe Mipianp Instirute oF MINING, CIVIL AND 
MEcHANICAL ENGINEERS.—Saturcay, November 9, at 
3 p.m., at the Danum Hotel, Doncaster. Business :— 
Paper on ‘“‘Some Economic Considerations in Coke 
Oven Practice,” by Mr. W. Colquhoun. The following 
papers, which have recently ome’ in the Transactions 
of the Institution of Mining ngineers, vol. lv., Part 4, 
will be open for discussion: ‘Terrestrial Magnetism 
in Relation to Mine Surveying,’ by Mr. C. Chree, Sc.D., 
LL.D., F.R.8.; ‘‘The Effects of Dust-inhalation,”’ by 
Mr. John Scott Haldane, M.D., F.R.S8.; ‘The Origin 
of Blackdamp,”’ by Mr. J. Ivon Graham, M.A., B.8c.; 
“The Flow of Air through Small Coal and other Broken 
Material: Report to the Doncaster Coal-Owners’ 
Committee,’ by Mr. John T. Storrow. 


Tue Surveyors’ InstiruTIon.—Monday, Novem- 
ber 11, when the president, Mr. John Hubert Oakley, will 
deliver an Opening Address, The chair will be taken 
at 5 p.m. 

Tue Junior InstTiTuTION OF ENGINEERS: NORTH- 
Eastern Section.—Tuesday, November 12, at 7.15 
p-m., at the Mining Institute, Neville-street, Newcastle- 
on-Tyne. Paper on ‘‘The Design of High-Speed Steam 
Turbines,” by Mr. Ward. 

Tue Iwnstirvurtion or ELEcTRICAL ENGINEERS: 
Scortish CENTRE.—Tuesday, November 12, at 7.30 
p.m., in the Rooms, 207, Bath-street, Glasgow, when 
the chairman, Mr. J. F. Nielson, will deliver his Inaugural 
Address. 


Tue INSTITUTION OF HEATIHG AND VENTILATING 
ENGINEERS.—Tuesday, November 12, at 3 p.m., at the 
Holborn Restaurant (Caledonian Room), a meeting will 
be held to discuss Fuel Economy. 


Tue InstTITUTION OF MECHANICAL ENGINEERS.— 
General meeting, Friday, November 15, at 6 p.m., at 
the Institution of Civil Engineers, Great George-street, 
Westminster. Adjourned discussion on the following 
papers: ‘‘A Law Governing the Resistance to Penetra- 
tion of Metals which are Capable of Plastic Deformation, 
and a New Hardness Scale in Fundamental Units,” by 
Professor C. A. Edwards, and Mr. F. W. Willis, of 
Manchester; ‘‘The Value of the Indentation Method in 
the Determination of Hardness,’’ by Mr. BR. G. C. Batson, 
of Teddington, Associate Member, and *“‘The Ludwik 
Hardness Test,” by Dr. W. Cawthorne Unwin, F.R.8., 
of London, Past-President. Also (if time permits) 
‘Electric Welding,” by Mr. T. T. Heaton, of Uxbridge, 
Member. 











CommercraL ArRroptaNes.—Mr. F. Handley Page, 
writing in The Empire Review, states that reduction of 
the weight of the aeroplane itself and its engines has 
now become a fine art, and everything possible is done 
in this direction, as each pound saved means a pound 
more load—at present of bombs and ammunition. 
Each machine must have at least one pilot, and every 
passenger-carrying machine at the service of the public 
ought to have two pilots in case of sickness of the one 
actually in charge. The fuel is a very big item. Since 
the main asset of the aeroplane is 8) , it must not 
be hampered by delays for refilling tanks or too many 
stops en route and, taking everything into consideration, 
it would appear that it ~— to carry petrol and oil for 
about 400 miles run. All this umremunerative load 
constitutes a very large proportion. of the total lift of 
the machine, and as it naturally requires very con- 
siderably more power to maintain a ton in the air than 
to @ ton on the ground (the ratio is of the order of 
10 to 1), it follows that the amount of revenue-earning 
load carried per yo grip is many times less. As 
power is paid for in fuel, it makes the running cost per 
unit of revenue-earning load very much higher. On 
the other hand—an aeroplane service does not call for one 
tithe of the capital outlay needed for a railway or to 
maintain a steamship service. The overall result is that 
a service of lanes can be maintained and operated 
at a profit on freight charges corresponding to about 
1d. per nd per 100 miles for goods, and about 3d. 
per mile for passengers. 








THE CONDENSATION OF ZINC FROM ITS 
VAPOUR. 


THE eenet conditions of the metallurgical reduc- 
tion of zinc by carbon are fairly well understooi, but very 
difficulyto.meet. Zinc is only reduced by coal as vapour 
at a temperature abovo its boi iig-po nt wi fish lies near 
1,000 deg. C.; the zinc vapour has to be condensed at 
temperatures above the melting-point of the metal, 
420 deg. C.; at lower temperatures zinc falls out as 
fume or blue powder, impure with oxide. If oxygen 
could altogether be excluded, the condensation difficulty 
would be diminished, but the maintenance of certain 
temperature limits is difficult, and the troubles-are great 
in electric arc furnaces. The zinc vapours are, moreover, 
easily oxidised also by water vapour and even by small 
reentages of carbon dioxide. ‘Lhis was known, but the 
investigation of Professor C. H. Fulton; of Cleveland, 
Ohio, throws some further light on the subject (Bulletin, 
American Institute of Mining Engineers, August, 1918 
P 1375 to 1394). He made briquettes of calamine, 
jo and pitch,-baked them at 500 deg. C., and then 
distilled them in an electric furnace having previously 
expelled other gases from the apparatus by a current of 
nitrogen ; his condenser was a long glass tube, and the 
escaping gas and vapours were collected over water. 

The nitrogen feed—in some cases the nitrogen was 
replaced by hydrogen—was stopped when the distillation 
was seen to have commenced, But it was noticed 
that the gases collected contained considerable portions 
of nitrogen and also of hydrogen, Some nitrogen might 
have leaked into the apparatus; that possibility was 
excluded in the case of hydrogen, however. - Both these 
gases are known to occur in the zine retort and are 
supposed to diffuse through the hot retort walls. But 
Fulton points out that in coke ovens nitrogen, hyc rogen 
and methane are liberated, especially at the hig) eet 
temperatures, and the briquetted charge in his apparatus, 
as well as the coal of the zinc retort, would be turnca into 
coke. The hydrogen reduces zinc oxide at comparatively 
low temperatures ; thus water is formed which is ce- 
com) by the hot coke and gives hydrogen again and 
also oxygen. The normal combustion product of coal in 
the retort is carbon monoxide ; by reaction with the zinc 
oxide, however, zinc and carbon dioxice are formed. All 
these reactions are reversible, moreover, and in the 
laboratory carbon monoxide is sometimes prepared by 

assing the oxide ove. red-hot zinc; which is turned 
into oxide. Fulton heated lu of metallic zine in 
another apparatus and passed either pure CO, or pure 
CO2 or mixtures of the two gases over the metal, measur- 
ing the temperatures with the aid of thermocouples. 
Under different concitions he obtained liquid zinc, or 
feathery crystals of the metal, or _— globules or 
globules slightly coated with oxide, which would not 
unite, and also black deposits of carbon. 

From these and other experiments, made with 
tubular carbon furnaces and with graphite retorts, 
Fulton concludes that, in addition to keeping the air 
out of the retorts or distillation vessels, one of the 
chief points is that a uniform temperature should 
rapidly be produced and should be maintained in 
the retort, no part of the retort and charge to be 
below 950 deg. or 1,000 deg. C. ‘The resistance fur- 
nace of Fulton, which is covered by several recent 

atents, was described in Metallurgical and Chemical 

ngineering of May last, we should add. The ny 
disintegrated ore or blue powder is briquetted with coke 
and tar at pressures up to 1,000 lb. per square inch into 
rods of 12 in. diameter, 6 ft. long, which are baked to coke 
the coal and mounted on an electrode disc, which after- 
wards forms the bottom of the furnace, the rods serving 
as resisters. Electrode connections having been fitted 
to the rods at top and bottom, the preheated furnace 
shell is lowered over the rods, and the temperature is 
raised by the current to 800 deg. C. and then rapidly 

shed up to 1,000 deg. and higher ; the gases, zine and 
bo, are drawn off at the top and bottom of the furnace 
into the condenser. 





QUEENSLAND Iron AND STEEL Propvotion.—In the 
final report of the Queensland Royal Commission on the 
Steel. and Iron Works, the Commissioners say: ‘‘ We 
are in a position to state we have collected sufficient data 
to justify us in recommend that the. Government 
establish an up-to-date plant for the manufacture of 
commercial pig-iron at a cost of approximately 100,000/. 
For this sum a modern blast furnace with a capacity of 
100 tons of iron ore per day can be established; and it 
can be kept £'y employed for twenty Years in the 
smelting 0 rom one mineral area alone.”’ The 
Commission, in its final recommendation, suggests the 
State should enc the manufacture of steel rails, 
and they therefore unanimously recommend that. the 
State should proceed immediately with the erection of 
a furnace with a capacity of, say, 150 tons of ore per 
pe together with an extensive by-product recovery, 
coke ovens and mine equipment, at an initial cost not 
exceeding 150,000/., further sums to be expended if 
circumstances warrant the extension of the work. The 
report also adds that a thoroughly qualified expert with 
business and administrative ability trained in metal 
science and engineering, and having a practical know- 
ledge of modern iron and steel works, be appointed, and 
as such he be empo d to ch a most suitable 
site = which the :plant — oe te also that a 
general manager be appoin y the Government to 
make investigations on the advisability of establishi 
a State steel manufacturing works, on the cost of suc 
works and on tne capacity of the markets in Queensland 
for iron and steel, and the possibility of a market for 
export beyond the State in general. 
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THE FUTURE OF OUR RAILWAYS. 

It is a commonplace that in most respects the 
outbreak of the war found this country in a condi- 
tion of complete unpreparedness. Our small army, 
which in very virtue of its smallness should have 
been the best equipped in Europe, proved to be 
woefully deficient in artillery, machine guns, 
and aeroplanes. Our supply of shells was hopelessly 
inadequate, and the design and specifications of 
these shells and their fuzes might almost have been 
purposely planned to make the maximum of diffi- 
culty in extemporising additional sources of supply. 
All these lapses had to be paid for in the g y 
currency of human lives. With so much to regret 
it is a matter for satisfaction that in one important 
field of action we have no lack of foresight to re- 
proach ourselves with. As stated in the admirable 
presidential address which Sir John A. F. Aspina'l 
delivered at the Institution of Civil Engineers last 
Tuesday evening, the operation and control of our 
railways in time of war was thoroughly thought out 
in the years 1912-13 by a carefully selected com- 
mittee of Railway General in combination 
with the military authorities. When, in 1914, the 
crisis ensued a few telegrams sufficed to constitute 
the railway executive committee which took over 
the operation of the railways of the Kingdom and 
brought into action the already completely worked 
out plans for the transport of our expeditionary 
ports of embarkation. Although 
details are yet unpublished it is known that this 
was effected with the utmost celerity and smooth- 
ness. There was not one instance of troops being 

waiting for their transport, the train was 
invariably ready before the men. 

This committee has continued to operate our 
railways to this day. With depleted staffs, with 
@ largely reduced rolling stock, fewer engines, and 
with permanent way and plant of all kinds but 
indifferently maintained (in comparison with pre- 
war standards), our railways have during these 
strenuous years carried the heaviest traffic in the 
whole course of their history. Much credit for this 
must undoubtedly be given to the intelligence of 
the employees as a whole in realising that a Hun 
victory would hit the proletariat harder than any 
other section of the community. The best efforts 
of loyal labour would however have yielded but a 
sorry harvest had not the government confided the 


35] control of the lines to the same experienced chiefs 


who had been responsible for the prosperity of our 
railways in times of 3 

Recruited in a field in which initiative is more 
highly valued than seniority or political pull our 
railway administrations have thoroughly demon- 


540) strated their worth, and the evidence of the value 


of their methods of selection and promotion has 


2| been so marked, that, as is well known, directing 


heads for many other important national under- 
takings have been sought for in and secured from the 
ranks of our railway officials. 


future. After this surfeit of uninformed if ardent 
advocacy, it is a great relief to meet with such a 
suggestive and instructive a pronouncement on these 
matters as is to be found in Sir John A. F. Aspinall’s 
address, which we publish in full elsewhere in 
our present issue. As general manager of the 
Lancashire and Yorkshire Railway, and member of 
the Railway Executive Committee, Sir John’s 
qualifications for the task he set himself are un- 
questionable and his views will be eagerly perused 
by all anxious to ascertain facts as they are, and not 
merely in search of arguments in support of political 
or economic theories. 

One very important point brought out in, the 
address is the need for drastic changes in the structure 
gauge and loading gauges of our railways. We have, 
nominally, a standard loading gauge, but it by no 
means follows that any vehicle from one line can safely 
be despatched over the metals of all others. We suffer 
from the fact that we were the pioneers of railway 
enterprise. From this circumstance we reaped some 
extraordinary advantages, but there have been some 
accompanying drawbacks, Platforms and tunnels 
in those far distant times were built with too con- 
servative ideas as to the dimensions of the stock it 
would be desirable to provide for in the distant future. 
Similarly many bridges, fully adequate to the axle 
loadings even of 25 years ago, are now too weak to 
carry modern rolling stock. Unfortunately as the 
incident of the Charing Cross bridge has demon- 
strated, Parliament is by no means anxious to help 
the companies in works of rebuilding and recon- 
struction. Yet in spite of this ill will or indifference, 
our leading companies have managed to effect much 
in the matter of widening structural and loading 
gauges and in strengthening bridges. The result 
is, however, that the area within which the most 
up-to-date stock can be operated is limited. There 
are, Sir John Aspinall stated, about 100 standard 
gauge railways in this country. Selecting a par- 
ticular loading gauge (not the largest in the use) 
it A sara that only eighteen of these railways 
could accept all the stock which passed this gauge. 

One striking point made in the address, and one 
to which attention has on several occasions been 
directed in our columns, is that were the channel 
tunnel constructed it would be to tran- 
ship goods at either the Dover or the Calais portal 
of the tunnel, since our railways have a substan- 
tially smaller loading gauge than the continental 
lines, and thus whilst our stock can run in France, 
French stock is useless here. ~~ 

It is to be hoped that Sir John Aspinall’s views 
on the loading gauge question may receive full 
attention from the railway authorities in Australia, 
who are. concerned with the establishment of 
uniformity of gauge in the Commonwealth. In 
discussing os is crisens we ogy over and ar 

urge necessity giving particu 
attention to the fact that the power of a 
railway is tically controlk d its loading 
gauge, and that, in roars lige standard gauge of 
lines for the several , every care should be 
taken that the capabilities of that gauge should be 
utilised to the uttermost. 

It is evident that much must be done in the 
immediate future to widen loading gauges and to 





strengthen the bridges on our less progressive lines 


———— 
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Much work of this character has had to be done 
in America during recent decades. As Sir John 
pointed out axle loads there have risen from the 
ten tons or fifteen tons of thirty years ago to a 
present maximum of thirty-five tons. Fifteen years 
ago the average weight on drivers of 36,000 American 
locomotives was 85,000 lb. and the tractive effort 
was 19,000 Ib. In 1915 the average weight on 
drivers of 62,000 engines had become 135,000 lb. and 
the average tractive effort 30,500 lb., whilst the 
Mallet engines gave figures of 350,000 lb. on drivers 
and exerted a tractive effort of 79,000 lb. To 
accommodate this stock a vast expenditure has been 
necessary on heavier rails and stronger bridges, but 
the result of the adoption of grant trains is that 
freight is handled in America at a lower cost than 
in any other country in the world. 

It is highly important that freight charges here 
should be reduced to a minimum although of course, 
our average haul being so short, railway freight 
charges do not bulk very largely in the total costs 
of production. One great difficulty met with 
in reducing freights lies in the fact that the Rail- 
way Commissioners discourage experimental freights. 

It is in actual practice, if not in theory, im- 
possible to try a low freight provisionally to see 
whether it may in this way be possible to develope 
a sufficient volume of traffic to make the low rate 
pay. Once granted, a low rate can only be increased 
again after prolonged negotiations, Another difficulty 
in lowering railway freights here lies, as Sir John 
pointed out, in the fact that the customers of our 
railways insist on celerity of service. This has 
the great advantage of reducing the amount of stock 
it is necessary for them to keep in hand, but it makes 
full car loads impracticable. Goods despatched one 
day are commonly delivered the next. Sir John 
Aspinall suggested that an improvement might be 
effected if a considerable “ differential ” was allowed 
between the charges for “slow freight” and “‘express 
delivery.” This has been the practice in Germany 
and a profitable business was done there by forward- 
ing agents, in collecting together parcels for 
different consignees in the same areas, so as to make 
up a full car load. Deliveries were, of course, 
greatly delayed, but as Mark Twain observed many 
years ago, the German slow freight service was at 
any rate “ quicker than a glacier.” 

Sir John Aspinall also called attention in his 
address to the necessity of a better port and harbour 
equipment. At some ports there are facilities for 
handling 20-ton coal wagons, but at many berths 
at the same ports 10-ton wagons only can be 
dealt with. The shipper cannot tell a priori at 
what berth the ship he is supplying will be stationed, 
and hence plays for safety by keeping to 10-ton 
wagons, which, in addition to other drawbacks, 
occupy 42 per cent. more of the very valuable siding 
space at the docks. Another dock difficulty on 
which he touched is the necessity which arises of 
handling goods more than once. In tho case of 
imports the Customs authorities have to examine 
every package, whilst in the case of exports, goods 
cannot be taken on board ship in rotation as 
received at the docks, but must be stowed in due 
and regular order fcr considerations affecting the 
seaworthiness of the ship. 

Probably it came es a revelation to most of his 
hearers that very nearly one-half of the wagons here 
are privately owned. This circumstance makes it 
difficult, indeed, normally impossible, to secure back 
freights, although it must be admitted that as most 
of these privately-owned wagons are used for coals 
or minerals the possibility of back freights would, 
at the best, be small. Nevertheless this fact of 
private ownership does very materially reduce 
opportunities for economies. | 

The President’s views as to the method by which 
the general electrification of our railways will be 
brought about are of great interest. He thinks 
that this will come about by the gradual extension, 
further and further from their centres, of local 
electrifications. Neighbouring systems will ulti- 
mately be separated by so small a gap that the 
bridging of this will become practically a matter of 
course. Where electrified local services have been 
installed the growth of traffic has been almost 
phenomenal, and the additional revenue required 
to pay interest on the large capital outlay necessary 





for the complete electrification of our railways can, 
Sir John considers, be best obtained by taking 
advantage of this fact. The scheme thus outlined 
is, perhaps, not heroic, but it seems to be eminently 
practical. 


Another very interesting suggestion made in the 
address is that the many thousands of miles of 60 cen- 
timetre gauge line, which have been laid in France to 
serve our armies, should after the conclusion of peace 
be removed to this country, together with the rolling- 
stock, and used for agricultural light lines. For 
this scheme to be effective the hampering obstruc- 
tions introduced for certain ulterior motives into the 
Tramways and Light Railways Acts must be 
abrogated, and perhaps Parliaments of the future 
will prove more accessible to reason in this 
regard than those of the immediate past, which 
were far too much inclined to discuss matters 
relating to works of wéilité publique from the view- 
point of certain political and economic theories, 
than as practical propositions for increasing the 
wellbeing of the community at large. 





THE MOTOR TRANSPORT DEPOT AT 
SLOUGH. 

Durie the spring, when the Germans were pushing 
our armies back, and when their shells were falling 
into Amiens, and the menace against the Channel 
ports was cause for anxiety, the question of repair 
of motor vehicles assumed a most urgent aspect. 
It is well-known that we have a number of large 
repair shops in France, and that the rough usage 
of war sends a constant stream of vehicles into 
them. Hundreds of men are kept steadily at work 
fitting new parts and repairing old ones, and if, as 
seemed possible, many or all of the workshops had 
fallen into the enemy’s hands, our transport depart- 
ments would have been very seriously incommoded 
and the mobility of the army decreased. The War 
Office was faced with necessity of taking instant 
action on the assumption that the tide of German 
victory might overflow many of our repairing works 
in France, and cut the communication of others. 
The authorities decided, in the first place, that it was 
desirable to transfer the work to this country in spite 
of the difficulty of transport, as this area was clearly 
beyond the range of German invasion. There then 
remained the further alternative of sending the 
cars back to the makers for overhaul, or of establish- 
ing new works for the purpose. Without knowing 
exactly what reports had been received from the 
Headquarters Staff in France it is difficult to judge 
whether the decision to create new and immense 
works at Slough was wise or not. If the Allied line 
had been broken, either on our front or between 
us and the French, a long retreat, with the abandon- 
ment of immense stores and a considerable slice 
of industrial France, must have followed. We 
should then have had not only to repair our own 
cars, but also to replace great numbers lost both 
by us and by our Allies. How imminent was the 
danger of such a disaster it is impossible for an 
outsider to say. If it was regarded by the generals 
in the field as even possible there was excellent 
reason for taking steps in advance to meet it by the 
erection of new works. It was certain that all the 
existing factories would be filled to the doors with 
new cars in course of manufacture, and that they 
would have neither the space nor the labour for 
repair work. 

So far we have dealt with the immediate emergency 
of last spring and early summer. But the trouble 
dates much further back, and the German menace 
was only the last straw in the burden laid on the 
mechanical engineers in the Army. In the eighth 
Report of the Select Committee on National Ex- 
penditure, dated August 7, it is stated: ‘‘ There is 
now in England an accumulation of several thousand 
motor vehicles awaiting repair, three times as many | po’ 
as a year ago. In France there are almost an equal 
number.” Clear evidence is thus afforded that our 
repair facilities had long been quite unequal to the 
strain thrown upon them, and that instead of putting 
damaged machines into a working condition on the 
spot, we were sending new ones into the field. Our 
manufacturing facilities managed by private enter- 
prise were working well, but our repair plant, under 
military control, had proved very inefficient. This 





is not because there are not competent mechanical 
engineers in the Army; there are hundreds of 
them, and many of them are attached to the 
Mechanical ee But there is no 
se de engineering in 
Si deppraptasenpenteaien tr ct fon ee 
fessional opinion of mechanical engineers can make 
itself heard. To realise what this means we have 
only to examine the organisation of other depart- 
ments. For: instance, the veterinary officers act 
under a Director-General, a Deputy Director- 
General, an Assistant Director-General, and a Deputy 
Assistant Director-General. Similarly the medical 
men are,represented,at the War Office by a Director- 
General, a Deputy Director-General, two Assistant 
Directors-General and five Deputy Assistant 
Directors-General. Even the clerical officers work 
under a Chaplain-General, an Assistant Chaplain- 
General, and a Staff Officer to the Chaplain-General. 
Again, with every army in the field there are 
important representatives of these departments 
and others, and when any question comes up for 
settlement, either on the spot or in London, the 
views and opinions of those who have a technical 
knowledge of the subject must be heard and con- 
sidered. There is a continuous chain between the 
junior subaltern and the Director-General, and it 
is the fault of the latter if the War Office has not 
the best professional opinion put before it in a way 
that cannot be ignored. 

There is, as we said, no department of mechanical 
engineering in the Army. There is a department of 
Supplies and Transport, with several grades of 
directors, and to this large numbers of mechanical 
engineers have been attached. The repair work of 
mechanical vehicles is in the hands of the Army 
Service Corps, and they have naturally appointed 
mechanical engineers to carry it out. But the large 
questions of policy, the formulation of programmes 
and the initiation of changes lie in the hands of the 
military officers, those who have specialised in 
supply. In all our previous wars these officers were 
very competent to deal with the matters that came 
before them, for machinery then played a very 
small part in military affairs. But everything is 
changed now, and it is clear that the responsibility 
of devising methods of dealing with the repair of 
motor vehicles should have been confided to tech- 
nical men. It needs a very wide experience to get 
out plans for repair shops to deal with thousands of 
vehicles a year, and this can only be done properly 
by men upon whom is cast’ the responsibility of 
seeing the matter through. An engineer who knows 
that his plans will be adjudicated upon by non- 
technical officers, and that neither he nor any other 
engineer will be present to defend them, is not likely 
to turn out his best work, for he has not the stimulus 
of a sense of ibility. We see the result of 
non-technical control in the breakdown of our repair 
service, which was in a state of complete congestion 
long before the German advance precipitated 
matters and obliged the War Office to seek another 
way out of the muddle. 

One would have thought that dearly bought 
experience would have dictated the necessity of 
putting the whole matter into the hands of com- 
petent engineers and following their guidance 
implicitly, publishing their names and calling on 
them to defend, if necessary, their The 
War Office would then have been in the position of 
@ board of directors dealing with a consulting 
engineer, whose reputation would be made or 
marred by his work. But so far no engineer has 

come forward to defend this scheme. 

Slough was selected as the site of the works 
for reasons which have never been explained. 
It is on the Great Western Railway, but it is 
not ‘ecawenee A well situated as regards traffic 
to the ‘southern ports, and it is not among 4 

population in which labour is plentiful. Works 
in which 15 acres are covered with roof, as was 

proposed, need thousands of hands to run them, 
and Slough is quite unable to provide accommo- 
dation for such an increase of population. It was 
proposed to employ prisoners of war in large 


numbers, and to build barracks to receive them, 
but even then there must have been a large con- 
tingent of native labour and su 
far it has been found very di 


intendence. So 
to get trade 
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union labour to work with prisoners, and it is very 
doubtful if it could be done on motor repair work. 
In rough outdoor work, or even on agricultural 
work, prisoner-labour may be utilised with more or 
less success, but on skilled jobs it is doubtful if 
it is worth the trouble and expense. 

The ground was by no means ideal for the erection 
of works. As laid out there was no proper access, 
and two miles of roads will need to be made for the 
purpose. It was only the barracks that were to be 
built on a main road on the south side of the line 
while the works are isolated on the north side. 
One would like to know how far engineers were 
consulted, and to what degree their advice was 
followed in the selection of the site and the lay-out 
of the works. It is difficult to believe that the 
really competent men who are to be found in the 
army could have devised, or even endorsed, the 
present scheme. 

Much has happened since last spring, more indeed 
than in the previous four years of the war, and the 
time has come to consider whether the changed 
conditions do not demand a reconsideration of the 
Slough scheme with its projected expenditure of 
a million and a-half sterling. The disaster it was de- 
signed to avert has not happened, and the menace of 
it has passed away. Our workshops in France are 
intact, as are those of our Allies, and if we managed 
to get along with these during the strenuous times 
through which we have passed it is certain that 
no greater burden will now be laid upon them. 
There are, as we have said, many cars awaiting 
repairs, and our continuous advance can only be 
maintained by a fully equipped transport service. 
Unfortunately these cars cannot be dealt with 
at Slough. It is a big affair to cover 15 acres 
with buildings, and to supply these buildings with 
heat, artificial light, water, sanitary appliances and 
power, and to house the workpeople. According to 
our information the buildings are being laid down 
as a whole, and will be of little use until everything 
is complete. Every engineer knows the difficulty 
of getting material and machinery now, and it is 
easy to see that the efficiency of a great works might 
be seriously impaired for want of some essential 
parts. If there was at one time urgent need of such 
a works it is clear that the leading idea set before 
the designer should have been to get a part 
of the work done in the shortest possible time. 
With modern engineering factories, which are 
immensely long sheds, this should not be difficult 
to do, since they can be lengthened from time to 
time as material can be obtained. Gradual growth 
does not, certainly, lend itself to the greatest 
economy in the power-house, but this is of small 
importance in a great military difficulty, such as 
we have assumed last spring. If the need of such 
a works was urgent the system of construction 
adopted was entirely wrong, for it did not meet 
the necessities of the case. 

Under the changed military conditions it becomes 
a question if the whole business at Slough should 
not be reconsidered. We would be the last to 
advise any slackening-off of effort to win the war. 
We need to crowd every man and every gun on 
to the front and to give the foe no respite or breath- 
ing space. But will these incompleted 15 acres 
of buildings assist us in the matter? If all our 
efforts were concentrated on, say, a fifth of them, 
and they were got into work in the next few weeks, 
they might be of advantage, but the present methods 
do not promise completion before the armistice is 
signed. Motor-car builders cannot contemplate 
with equanimity the concurrent cessation of Govern- 
ment orders for cars, and the commencement of the 
work of repair in this great national factory. It will 
take them some time to change over from their 
present work to building cars for private buyers, 
and the repair of military wagons and tractors 
would greatly assist in tiding over the period of 
reconstruction. The future of the national factories 
is a difficult problem. Most of them, however, have 
served their purpose splendidly, and if they have 
to be scrapped no one need complain. But the 
spectacle of the immense Slough works coming into 
operation twelve months or so after it was com- 
menced under conditions of dire urgency, and just 
as it became entirely 1 , would be deplor- 
able, We have said we do not know why Slough 





was chosen as.a site, but we do certainly know that 
no one would choose it for commercial reasons, and 
that these will rule after the war. 





NOTES. 
Action or a Rays on Merats. 

When a rays strike an insulated metallic surface 
in a high vacuum, the metal becomes positively 
charged, because the a particles carry a positive 
charge and because negative electrons are emitted. 
This particular emission, which has chiefly been 
studied by H. A. Bumstead, A. G. McGougan 
N. Campbell and V.E. Pound, has been dis, 
tinguished as an emission of 8 rays. The  ray- 
vary much ; they may be very slow or swift ; as ths 
speed of the incident « rays decreases, the number 
of 8 rays increases to a maximum, then to fall off 
rapidly, just as in the case of the ionisation of gases 
by a rays. Whilst, however, every gas gives its 
own ionisation curve, the maximum or “ knee” of 
which is the more pronounced the lower the atomic 
weight of the gas, all the metals. studied. give 
practically identical ionisation curves. It. was 
further observed that the 8 ray emission was much 
stronger in a newly-made vacuum than when a 
vacuum. was maintained for some time, and was 
reduced by heating the metal in the high vacuum of 
a Gaede pump, and it looked as if the 8 effect with 
metals was not a metallic ionisation at all, but due 
to a film of gas on the surface of the metal. This 
view is supported by the most recent experiments 
of Mr. A. G. McGougan at Yale University, New 
Haven (Physical Review, August, 1918). The 
experiments are made in a brass vessel, connected 
with a Gaede pump, a charcoal bulb, and a McLeod 
gauge. Ona horizontal disc, the vertical axis of which 
can be turned from outside, are mounted eight small 
discs of various metals, which by turning ‘the disc 
can be brought underneath the. polonium tube 
which emits the a rays. A second disc, si 
mounted, is interposed in the path of the rays so as 
to absorb them by aluminium foils of different 
thicknesses. and thus to determine the ionisation 
curve. A scraping tool is mounted in a side tube 
and operated from outside by means of an electro- 

. Of the metals studied lead and gold gave 
the most. concordant results. It was found that 
the 8-ray emission from lead was reduced by 37 per 
cent. by scraping the lead surface ; the new curve 
had exactly the shape of the old curve, though a less 
sharp bend; but within a day the old curve was 
reobtained, and after rescraping the original re- 
duction was once more realised. _ Similar results 
were obtained with aluminium, gold, platinum, the 
reduction decreasing in that order; copper and 
silver, tried in other experiments, stood nearest lead. 
The arrangement was then altered so as to study 
the effect on a liquid surface of-mercury. Instead 
of scraping this surface, the mercury was made to 
overflow the edge of the iron funnel which contained 
it, and the polonium was protected against. con- 
tamination by the mercury, vapour by, a thin film 
of gelatine. Parallel tests were at the same time 
made with platinum. A slight reduction in the 
emission was noticed every time the mercury surface 
was renewed; but the full original value of the 
ionisation was restored almost at once. McGougan 
concludes from these experiments that the 38-ray 
effect is indeed due to the gas film on the metallic 
surface, and not to metallic ions. That gas film is 
renewed on renewing the surface, either from 
without, i.e., from the residual gas in the vessel, 
or from within the metal. The “ soaking-out” 
of the gas in the metal would be rapid in the case of 
mercury and more or le:s slow in different metals. 
The interior origin would also be in accord with 
Pound’s experiments on metallic surfaces distilled 
in vacuo. There is some hope, therefore, that 
distinct. metallic 8 rays may be deprived of their 
right to existence—which would be satisfactory. 


CaRBIDE ForMATION AND STABILITY. 

Reviewing his recent work on carbides in a paper 
read before the Bunsen Gesellschaft, in April last, 
Professor Otto Ruff, of Breslau, pointed out that 
our knowledge concerning the formation and 
stability of the carbides and their valency relations 
was very defective. Qualitatively Moissan’s work, 
to which Ruff seems to attach a higher degree of 


reliability than many chemists would ascribe to it» 
was admirable ; the establishment of the quantita- 
tive relations, however, was very difficult. Owing 
to the retention of gases by carbon and their partial 
liberation at high temperatures it was hardly 
possible to maintain a vacuum of 3 mm. or 5 mm. 
of mercury in vacuum carbon furnaces which had 
first been filled with ordinary gases. Nitrogen, 
hydrogen and carbon monoxide combined with 
carbon above 2,000 deg. C., and the compounds 
were decomposed again at lower temperatures, so 
that a transference of carbon from spots of higher 
temperature to spots of lower temperature took 
place in the furnaces. To avoid this Ruff works 
in an argon atmosphere. In his lecture he referred 
in particular to the carbides of aluminium and of 
chromium as typical in certain respects. The liquid 
aluminium metal, he stated, dissolved little carbon. 
but it readily formed the solid carbide Al,C,, which 
was.not fusible at atmospheric pressure, but 
evaporated at high temperatures, probably as such ; 
all the carbides, however, seemed to decompose at 
very. temperatures. Chromium, on the other 
hand, dissolved carbon readily when fused, and 
formed fusible carbides which evaporated, but not 
without decomposition. One of the great difficulties 
was to exclude nitrogen which was bound by most 
carbides. In the case of aluminium, the carbide 
AL,C,, when free of nitrogen, evaporated without 
melting at temperatures up to 2,200 deg. C.; then 
it melted at a pressure of 400 mm., decomposing 
partly into graphite and aluminium. Ruff and 
his collaborators have not yet succeeded in 
directly analysing the vapours of this carbide; the 
vapours seem to be richer in carbon at high tempera- 
tures. and pressures, however, than at lower 
temperatures and pressures. As regards chromium, 
when. the liquid metal was saturated with carbon, 
‘boiling was observed at 2,270 deg., and the vapour 
then consisted entirely of chromium. Between 
2,050 deg. and 2,250 deg. the carbon percentage in 
the melt remained fairly constant, and the com- 
position corresponded to the formula Cr,C, as the 
temperature was lowered to 1,875 deg. The 
carbide mentioned existed side by side with 
graphite ; there was also evidence, of the existence 
of the carbide CrsC,. From similar experiments 
with many other metals it would appear that in 
an atmosphere of hydrogen, nitrogen or carbon 
monoxide, saturated with carbon, all oxides can be 
transformed into carbides or reduced to metals ; 
the reactions depend upon the fusibility of the 
oxides or products and their capability of disso lving 
carbon. A great many carbides seem to exist, 
corresponding in their forumle to CH,, C,H, C,H,, 
C,H,, C,H, In these carbides the heavy metals 
appear to have lower valencies than they possess 
in other compounds, and the valency sometimes 
decreases as the temperature is raised; thus 
tungsten gives the carbides WC, WC, W:C. The 
common carbides of iron and manganese are Fe, 





~QuzENsLAND Strate Arsenic Minz.—At the State 
arsenic mine at Jibbinbar, Queensland, there are now 
17 men engaged, about 20 miles from Stanthorpe, and 
the ore is being concentrated at the mine in readiness for 
treatment at the arsenic works which are to be established 
on the town common, a couple of miles from Stanthorpe. 
Work on a large scale will be commenced as soon as the 
plant is ready for operations. 

Fue t ReQuiIREMENTS OF THE UnitTep SraTxes,—-We 
readin Engineering and Mining Journal, New York, that 
according to the United States Fuel Administration, 
the present fuel requirements of the United States are 
about as follow: The railroads must have 166,000,000 
tons; 125,000,000 tons will he required for domestic 
lighting, heating and cooking; 57,000,000 tons went 
into coke last year, and a considerably greater amount 
will be required for this pu this year; 14,000,000 
tons or 15,000,000 tons will required to coal ships ; 
public utilities will consume 35,000,000 tons; 13,000,000 
tons will be used by the coal mines themselves to develop 
power, and 5,000,000 tons was estimated to be the 
amount needed for producing ice during last summer. 
Some industrial needs are: Steel rolling mills, 
24,000,000 tons; brick, tile and clay products, 
11,000,000 tons ; cement manufactories, 8,000,000 tons ; 
paper mills, 7,500,000 tons; foundries and machine 
shops, 7,500,000 tons ; cotton mills (with southern mills 
using wood wherever practicable), 5,000,000 tons ; 
meat packing and canning, 4,000,000 tons; chemical 


fac » 3,250,000 tons; glass makers, 3,000,000 tons ; 
and woollen mills, flour mills and lumber mills, 2,000,000 
tons each. 
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THE LATE SIR JAMES WILLIAM 
RESTLER, K.B.E. 


We much regret to have to announce the death, 
which occurred suddenly on the 4th inst., at his 
residence, 17, Queen’s Gate, S.W., of Sir James 
William Restler, K.B.E., the Chief Engineer to 
the Metropolitan Water Board. Sir James Restler 
was born in 1851. He was educated privately 
and at King’s College, London; in 1867, he com- 
menced his professional training as a pupil with 
Messrs, John Aird and Sons, at first inthe’ drawing 
office and later at various 
works then in course of 
construction, including 
the St. Katharine’s Docks, 
the Thames Defence 
Works at Tilbury, 
Gravesend, Shornmead 
and Cliffe Forts, acting, 
in the case of the latter, 
for about 15 months 
under the late General 
Gordon. He was also 
employed on the South- 
wark and Vauxhall works 
at Hampton. He subse- 
quently obtained mecha- 
nical training in the works 
of Messrs. Harvey and 
Beck, and, later, he en- 
tered the service of the 
late Southwark and Vaux- 
hall Company, under 
Messrs. J. Quick & Sons, 
who, at the time, were 
also engineers to the 
Portsmouth, Amsterdam, 
Staveley, Rhymney, 
Odessa, St. Petersburg, 
Beyrouth, Saratoff and 
other Water Companies. 
He thus acquired con- 
siderable experience in 
connection with the work 
of water supply to those 
cities. 

In the year 1876, the 
subject of our memoir 
was appointed assistant 
engineer to the late South- 
wark and Vauxhall Water 
Company, and, in 1881, 
was elected to fill the 
newly created post of 
supply engineer. Two 
years later, in 1883, he 
was given the appoint- 
ment of Chief Engineer to 
the Company, and under 
his direction works of con- 
siderable magnitude ‘were 
carried out. Among the 
most noteworthy, we may 
mention the construction 
of reservoirs having a 
capacity of 1,750,000,000 
gallons ; filter beds cover- 
ing an area of 23 acres; 
engine power capable of 
raising about 135,000,000 
gallons of water per day; 
deep wells to the chalk; 
five tunnels under the 
River Thames up to 
12 ft. 6 in. in diameter ; 
and two trunk mains »etween Hampton and 
London. On behalf of his own company and of 
® large number of other water undertakings, he 
frequently gave technical evidence before Royal 
Commissions and at Parliamentary enquiries and 
proceedings, and acted also as adviser to other com- 
panies and local authorities with reference to the pur- 
chase or the sale of their undertakings, or with 
regard to the best course to follow in order to 
obtain additional sources of supply. 

When the Metropolitan Water Board took over 
the London water undertakings, Sir James had in 
course of execution a scheme comprising two 








storage reservoirs having a capacity of 12,000,000,000 
gallons, combined with a pumping station and 
contingent works capable of supplying 100,000,000 
gallons per 24 hours into these reservoirs. In 
connection with this scheme, two lines of 48-in. 
mains were laid from Walton in a tunnel driven 
under the Thames to supply water to the Hampton 
filter beds. These works were completed and 
in the service in 1911. 

Sir James designed the Honor Oak Reservoir 
which was opened on May 5, 1909 (see ENGINEERING, 
Vol. Ixxxvii, page 633). This covers 14} acres ; 





Buliott and Fry, Photographers. 


Sm James Wiiiiam Restier, K.B.E. 


the greatest depth of water is 34 ft., and the height 
above O.D. is 144 ft. It has a capacity of 56,300,000 
gallons, the water coming from Hampton, a dis- 
tance of 17 miles, by a 42-in. main, while there is 
also a supply from the adjoining well. 

Sir James was appointed Chief Engineer to the 
Metropolitan Water Board on November 27, 1914, 
in succession to the late Mr. W. B. Bryan, and sub- 
sequently to this he had under construction a storage 
reservoir in the Thames Valley, to contain 
7,000,000,000 gallons, the work on which had to be 
suspended through difficulties due to the war. 
In the year 1915, the Water Board obtained an 








Act for the carrying out of a considerable amount 
of new work, Sir James being the engineering 
witness for the Board during the passage of the Bill 
through both Houses. Further, and in addition to 
his ordinary duty, he prepared in great detail a 
scheme of very extensive character for safeguarding 
the Board’s supply for a considerable number of 
years, a scheme which, but for the war, would in all 
probability have received the necessary sanction 
and the works in connection therewith have been 
now in course of construction. 

In the early stages of the war, the Director of the 
Works at the Admiralty 
applied to the Board for 
the services and the advice 
of Sir James with regard 
to the water supply to a 
large number of Naval 
establishments. Some of 
the works in this conjunc- 
tion have been satisfac- 
torily completed, whilst 
others are still in hand. 
Upon the formation of the 
Metropolitan Munitions 
Committee, in June, 1915, 
Sir James was elected Vice- 
Chairman of the Board 
of Management; later, 
upon the resignation of 
Mr. Hall Blyth, he was 
appointed Chairman of the 
Committee, and the great 
engineering § experience 
which he was able to bring 
to bear upon the par- 

. ticular work entrusted to 
this Committee was of 
inestimable value. In 
order further to illustrate 
Sir James’ numerous acti- 
vities we may add that in 
July, 1917, the Home 
Secretary appointed him 
Chairman of the Fire Bri- 
gades Co-ordination Com 
mittee, a Committee which 
was instituted to for- 
mulate a scheme for the 
co-ordination of the mea- 
sures to be taken by the 
London Fire Brigade and 
the surrounding Fire Bri- 
gades for dealing with fires 
caused by air raids. Sir 
James met with complete 
success in this difficult 
task and contributed very 
largely in the actual work 
for the protection of the 
Metropolis against air 
raids ; on every occasion 
of a raid he invariably 
proceeded to the Head- 
quarters of the London 
Fire Brigade and to any 
of the large fires that 
occurred. We may men- 
tion, in this latter con- 
nection, that Sir James 
was one of the first mem- 
bers of a voluntary Fire 
Brigade in London, 
joining as early as 1870, 
and since then he had re- 
mained in touch with 

the London] Fire Brigade and was a personal 
friend of all the Chief Officers. Further evidence 
of his interest in this sphere is afforded by the 
fact that he was a member of the Central Council 
of the National Fire Brigades Union and Chair- 
man of the Surrey District of that body. He als» 
organised a very efficient fire brigade at the Board's 
largest group of pumping stations at Hampton. 

Sir James was a Member of Council of the Instt- 

tution of “Mechanical Engineers and had been 

elected a Member of Council of the Institution 0! 

Civil Engineers for the current session, which com- 

menced on Tuesday last. The honour of a Knight 
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Commandership of the Order of the British Empire 
was conferred upon him by, His Majesty the King 
in recognition of the valuable services he had ren- 
dered to the nation in connection with the war. 
He was Chairman of the Rickmansworth and Ux- 
bridge Valley and also of the St. Albans Water 
Works Companies. Though a strict disciplinarian, 
Sir James was-a man of charming manners and 
courteous to every one; his decease will be deeply 
regretted by a wide circle of friends. One of his 
strongest features was his love of masterihg most 
thoroughly the details of everything he undertook. 





INDUSTRIAL NOTES. 

Tue War Cabinet recently set up a Cabinet Com- 
mittee to deal with post-war priority questions. This 
committee consists of General Smuts, the President 
of the Board of Trade, the Minister of Labour, the 
Minister of Shipping, the Minister of Munitions, and 
the Minister of Reconstruction ; the Secretary is Colonel 
Byrne, C.M.G., 11, Pall Mall, London, 8.W. 

A Standing Council on Post-War Priority has been 
appointed to assist the Cabinet Committee and is now 
at work. The council has already had before it a 
survey of the existing stocks of the more important 
raw materials, and is giving urgent consideration to the 
question of releasing such materials from any form of 
control at the earliest ible moment. 

It is the intention of the council to consult the trade 
bodies concerned with regard to any matters affecting 
the industries they represent, and, by taking them 
into their confidence, to make the utmost possible use 
of their organisations in any allocation of materials 
which may be found to be necessary. 

The personnel of the council is not yet complete, but 
itis felt that as it is already in session a public announce- 
ment on the subject is called for. 

Communications should be addressed, for the time 
being, to the Joint Secretaries, Standing Council on 
Post-War Priority, 2, Queen Anne’s Gate Buildings, 
Westminster, S.W.1. 





Mr. W. L. Hichens, chairman of Messrs. Cammell 
Laird and Co., Limited, in the course of his lecture 
delivered in London, on October 30, under the auspices 
of the Industrial Reconstruction Council, stated that 
we had become so accustomed to Government ¢ontrol 
in the everyday affairs of life during the war, we were so 
inured to the establishment of new departments and 
new controllers, that the invasion of what were formerly 
regarded as the rights of the individual no longer 
checked or alarmed us. Proposals had been made to 
nationalise the railways, all roads and water transport 
services, the coal mines, private armament firms and 
shipbuilding firms; it had been proposed that the 
State should establish super-power stations for the 
supply of cheap electric current ; that it should finance 
or take over the key industries, &c., Some of the 
reasons why, he thought, the Government should keep 
outside the arena of commerce and industry were the 
following :— 

In the first place, the Government had already more 
than enough to do without annexing a vast new sphere 
of activity. Even before the war the business of 
Parliament was hopelessly congested, and no one 
would contend that in the turmoil and confusion of the 
next few years its duties would be lightened. The 
second objection was that State trading tended to 
create international complications and increased the 
risk of war. The international problems of the next 
generation would be in a great measure economic ; 
the importance to a country of commerce and industry 
was likely to be more fully realised than ever before, 
and their promotion would be a primary object with all 
Governments. Each Government, therefore, should 
be in a position to consider these international problems 
from as broad and detached a point of view as possible. 
A third objection was that State trading on an extensive 
scale created a 1 army of civil service voters, 
A fourth objection was that a public office could not be 
run on business lines, the conditions of the public 
service and private undertakings differed entirely and 
demanded a different form of organisation. A fifth 
objection was that State trading eliminated com- 
petition, and introduced a rigid uniformity of adminis- 
tration which resulted in s ation. The State, 
further, would not dare to take the risks that private 
enterprise did and must if it was to be successful 
As @ final objection, Mr, Hichens said that by itself 
rip be oe het ape he State lost the detach- 
ment and impartiality which were expected from the 
ultimate controlling authority. 

_, On the other hand, the primary function of the 
Sovernment in relation to industry was to determine 
‘se conditions under which industry shall be conducted 
by private enterprise and to see that those conditions 
* Were carried-out.. Tf it were itself the largest employer 


of labour it would disqualify itself as the final court 
of appeal. The other task of the Government was to 
promote industrial research, to develop the consular 
services, to take in hand the thorny problem of the 
support of the key industries and still more con- 
troversial problem of Protection versus Free Trade, 
In this category, Mr. Hichens also included the elimina- 
tion or prevention of wasteful competition. 





The United States Steel Se says Engineering 
and Mining Journal, New York, has adopted the 
eight-hour basic day. This change in its policy 
became operative on October 1, and affects the greater 
part of the 275,000 men engaged in the corporation’s 
mills, mines, furnaces and transportaticn organisations, 
The eight-hour day will now be the basis for calculating 
wages and working periods for these employees, and it 
is e that increases in wages in some depart- 
ments will result. Announcement of the new order 
was made on September 24 by ps ol Elbert H. Gary, 
chairman of the Conse. The open-shop plan heretofore 
in force throughout the works will be continued. 





Dealing with this same question, The Iron Age, New 
York, says that the working out of a plan for the 
application of the eight-hour measuring rule to the 
iron and steel works day is proving no easy task. 
Two features of the Steel Corporation’s ca 
have been announced—first, that for work on Sundays 
and holidays the usual rate will prevail except on 
hours over eight, for which time and a-half will be 
paid; secondly, that overtime payment will = 
tonnage Pog and piece workers, the same as to workers 

the day. 

a is unfortunate, adds our contemporary, that such 
a considerable part of the daily press so far fails to 
understand what “the eight-hour basic day” means 
in the steel industry as to cause it to infer that its 
recent adoption is a step towards—if not an actual 
adoption of—an eight-hour work day, or in other words, 
the establishment of a three-shift system in cases where 
two shifts have hitherto been the rule. Such a change 
would, of course, be suicidal and would ays bezpor 4 
the output of pig-iron and steel, for the 50 per cent. 
increase in the number of men ry ay for the jobs 
could not be secured. Instead of the adopticn of this 
system of payment being a step in that direction, it is 
@ measure of protection against such atrend. It puts 
@ premium upon the hours it is vital the men should 
work in order to maintain producticn. 

The system has one menace to the war-time pro- 
gramme—that it may encourage men to “lay-off” 
more frequently, for the 50 per cent. bonus is for the 
last four or the last two hours the man works on any 
given day. Perhaps measures can be taken against 
men absenting themselves more frequently than 
hitherto. The fact should be recognised at large, 
however, as it is in the steel industry, that the average 
steel mill worker, given a certain hourly rate of pay, 
prefers to work the long hours. 





The prices, in marks, of coal per ton, in the first 
quarters of 1914 and 1918, and on ber 1, 1918, 
and miners’ wages in Germany, are shown by the follow- 
ing table appearing in Wirtschaftsdienst (September 6) : 























First Quarter. 
Increase} Sept. 1 
I—Coal Prices. peonen| Oe 
1914. | 1918. 
Rituminous rough coal ..| 11-25 | 24-30| 116 26-85 
Rough gas coal .. -+| 12-00 | 24-90) 1 27-45 
Forge coal nuts .. 15-50 | 29-40 31-95 
Household nuts .. ++} 18°75 27-90 | 101 30-45 
Anthracite nuts .. ++} 21-76 | 87-20 71 - 9-75 
Blast-furnace coke (ist 
quality) oe -+| 17-00 | 38-60 99 87-20 
Foundry coke .. ++} 17-50 | 34-20 97% 37-80 
oe ++] 20-00 | 37-20 86 41-40 
Briquettes (ist quality)..| 18-75 | 28-60 | 103% 81-15 
11. —Miner’s Wages. 1914. | 1918. | increase 
i: Ps dd ofanentiregang .. ‘3 Be a] 
%. Surface worker .. oe o-| 4°87 7-68 | 70-7 














The South German textile industry, in co-operation 
with the Wurttemberg Government, the Technical 


-| High School in Stuttgart, and the Royal Technical 


College for the Textile Industry in Reutlingen, has 
recently founded a German Research Insti for 
Textiles, says the Weser Zeitung (September 28). The 
new Institute will take over and extend the Jabours of 
the office which has existed for some years 
in Reutlingen. The Institute is already spinning, 
weaving, and manufacturing all kinds of papers and 
cellulose, new fibres, ¢.g., nettles, cellulcee and cotton 





and artificial materials. It will also inquize into lakcir 
conditions. 





As a sequel to the conference held in London in 
June last, at which it was decided to conduct through- 
out the country a tay for the prevention of 
industrial accidents, an influential organisation has been 
formed compri representatives of the Admiralty, 
Board of . Home Office, Local Government 
Board, and the omega Labour, and of leaders of 
industry and labour. © title of the new body is 
the itish Industrial “Safety First’’ Association. 
Its first meeting was held at the Mansion House on 
October 31, when Lord Leverhulme occupied the 
chair, and was elected president. 

The policy of the association is the formation in 
every industry of a ‘‘ Safety First ’’ Committee com- 
prising representatives of employers and employees 
and of committees in the | firms to investigate 
the causes of accidents peculiar to the particular 
industry, and to discover and apply effective measures 
and ond (rere to prevent the recurrence of similar 
accidents. As numerous avoidable accidents are due 
to carelessness and thoughtlessness on the part of 
the employees, a comprehensive educational campaign 
is proposed to be conducted from headquarters, and 
members of the association will receive regular supplies 
of posters and literature designed to point out the 
known causes of avoidable injuries. 

It is contended that the maximum success in the 
alleviation of the suffering and sorrow which industrial 
accidents entail, as well as the saving, and the utilisa- 
tion for better purposes, of the huge sums which 
would otherwise paid as compensation, or would 
represent losses of wages, would be achieved at the 
minimum cost if industry and labour combined to 
co-operate with the association in the prosecution 
of the industrial “‘ Safety First’ campaign. 

Applications for membership of the British Industrial 
“ Safety First” Association should be addressed to the 
Hon. Secretary (pro tem), Mr. H. E. Blain, at the 
temporary offices of the association, 31, Westminster 
Broadway, London, 8.W. 1. 





Writing in The Empire Review for the current month, 
Sir Vincent Caillard deals with the problem of recon- 
struction after the war and states that there has been 
in this country a growing tendency for the representa- 
tion of the constituencies to fall into the hands of men, 
highly gi no doubt, but without that direct know- 
ledge of industrial and commercial conditions which, 
always desirable, has now become of vital necessity 
when the nation depends on those great intereste for 
its restoration. It is not only necessary that there 
should be more business men in Parliament; it is 
even more essential that they should be there as men 
of business. — from the interests of industry 
and commerce themselves, the interests of the nation 
demand the service of men with first-hand knowledge 
applying it without regard to any secondary con- 
siderations, 

From this conviction, which has burned itself into 
the minds of business men, has sprung the British 
Commonwealth Union. To quote the words of one 
of its founders, it has for one of its main objects, 
“that on national questions relating to industry and 
commerce as great and as varied support as possible 
should be received in Parliament irrespective of party 
and amongst all interests concerned.’ But it goes 
further still in seeking to co-ordinate that support. 
While the Union perceives that without adequate 
representation in Parliament the organisation of 
business must lose much of its value, such representa- 
tion to be truly effectual must reflect, not sectional, 
but general interests and opinions. With such aims 
before it, it follows that the Union opens its doors 
to all of British nationality, irrespective of political 
— a share its views. 
outlines of the Union’s general ramme to 
be filled in by co-ordinate consultation loa follow : 
The attainment of a just and lagting peace; pre- 
ferential relations inside the Empire and adhesion 
to the conclusions of the Paris Conference ; complete 
power of tariff bargaining; the establishment and 
maintenance of essential key industries under wholly 
British control; restriction of imports of manu- 
factured articles from enemy countries for such a 
period as may be desirable ; strict naturalisation laws ; 
the encouragement of scientific research by State 
assistance direct.or indirect ; an efficient diplomatic 
and consular service; the development of home 
resources, including agriculture, in every legitimate 
way, with specific measures to ensure that loans raised 
in the United Kingdom for industrial purposes should 
be conditional on the use of British manufactures. 
The industrial policy of the Union is conceived in a 
similarly spirit. In linking up wages with 
housing, health and education, and making all four 
it on industrial prosperity, which is itself 





'| mixtures, pine needle wool, bulrush fibre, broom fibre 


dependent on increased production, the Union takes 
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up a statesmanlike position in which it will have the 
support of the more reflective el ts of labour. 

Specifically renouncing any desire to invade the 
domestic activities of organisations connected with 
industry and commerce, the Union pu to be 
their complement, not their rival, co-ordinating where 
proniseyen' their interests, and acting as the striking 
force when legislation threatens them or becomes 
desirable for their promotion. 


vital principle of national life. In the course of a lengthy 
address he pointed out that when the war commenced 
there were only 345,000 holders of British Government 
securities ; now there were some 16,750,000, while there 
were 11,009,000 accounts in the Post Office Savi 
Bank and over 2,000,000 in the Trustee Savings 

After the war they must secure that these savings must 
be encouraged to flow into productive industry. If the 
incentive to individual effort was removed replaced 
by any system of governmental or communal control the 
death knell of the prosperity of their industries would 
be sounded. The interests of the community were best 
served by the fullest opportunity being afforded for the 
free play of individual talent. They wanted individual 
effort encouraged, security for their business and not 






















































A large and influential deputation of members of 
pig Houses of Parliament ey last Tuesday upon 
the Ministers of Pensions and of Labour to urge upon a . 
them the importance of taking steps to secure tthe rer tania hare emegease banal hve cappert of Ra 
employment of discharged disabled men by means of a ‘Aredene Me — phox! “the caetaieks end it was carried 
general appeal to employers for this purpose. The setnteaneelyy. ‘ 
deputation was introduced by Mr. T. E. Wing, M.P.,| Mr, Dudley Docker moved a resolution emphasising 
who drew attention to the proposals in the scheme | the supreme importance of British industry and urging 

romoted by Mr. Rothband, of Manchester. In reply, 


upon the Government the necessity ef recognising the 
Mr. Roberts stated that the employment of disabled importance of industrial interests and of consulting the 
men was under the anxious consideration both of the 


representatives of employers no less than of employed. 
Minister of Pensions and himself, and that they were But industry must recognise that it owes a duty to the 
in agreement with the general principle of an appeal 


community, and in pursuance of this duty the federation 

: would endeavour by co-operative and other means to 

to the trade and industry of the country for the purpose | raise production to the highest level both of quantity 
suggested. Sir A. G. Boscawen, on behalf of Mr. Hodge, 
Minister of Pensions (who was unfortunately prevented 


and quality, to reduce expenses of distribution and the 
by illness from being present), expressed his cordial 


cost of goods to the consumer and to ensure the main- 
tenance of industrial amen] oma co eajozment a = 
indi j those engaged in industry of the fullest share practica' 
parang Aig + Cpe prs yy opt nag a in the creation and distribution of wealth. It was for 
carried out through the machinery of the departments 
concerned, It was understood, accordingly, that the 


manufacturers to see that the industrial system did not 
lead to results which were not socially justifiable. The 

Ministries of Pensions and of Labour would proceed 

to concert the details of the scheme without delay. 


resolution was seconded by Mr. P. H. Lockhart and 
carried unanimously. 

Sir Vincent Caillard moved a resolution on the subject 
of national economic policy, remarking that they had 
reached the point when they could look at the subject 
free from old prejudices and controversies. Before the 
war, Protectionists and Free Traders seemed to live in 
worlds of different dimensions, but now they could see 
that different industries had different interests. Their 
object was to frame a policy that should safeguard the 
requirements of all those interests whether by way of 
protective duties, maintenance of free import, subsidy 
transport facilities or otherwise, and thus enable each 
industry to attain its maximum productions. The whole 
strength of the country and the whole well being of all 
classes and of labour especially rested on production. 
The resolution also included declarations in favour of 
preferential treatment for the Empire and our Allies, 
and urged the Government to set about the preparation 
of provisional sch immediately in order to apply 
a@ practical test to the problems involved. It was 
seconded by Mr. Muspratt and carried unanimously. 

A resolution was moved by Mr. T. Biggart urging 
the Government so to regulate and apportion taxation 
as to encourage the flow of capital to industry and 
increased production ; the provision of adequate reserves 
to meet the cost of renewals and extensions and the 
maintenance by manufacturers of adequate stocks. 
The resolution was seconded by Sir William B. Peat 
and carried unanimously. 

On Thursday morning the proceedings were com- 
menced by Mr. F. W. Gilbertson moving a resolution 





FEDERATION OF BRITISH INDUSTRIES. 
THe annual general meeting of the Federation of 
British Industries was held last week at the Connaught 
Rooms, Great Queen-street. The proceedings com- 
menced on Tuesday, when a egeotal” general meeting 
was held, when the new constitution was formally 
a BO 
n Wednesday, the retiring president, Sir Richard 
Vassar Smith delivered his presidential address. He 
remarked that the federation had now commenced the 
third year of its existence and continued to grow and 
thrive. It had nearly doubled its eer ye and 
considerably more than doubled its strength. year 
ago it rep ted 581 bers and 78 trade associations ; 
to-day the membership was 951, in which number 
164 trade associations were included, This was a 
remarkable result and a striking tribute to the founder 
of the federation, who realised the need for a national 
organisation of this character. He wished to con- 
gratulate the committee which had drawn up their new 
constitution. If an organisation of that size was to 
avoid stagnation it was essential to provide it with an 
elastic constitution, so that each section might make its 
voice duly heard in the governing body. Such a con- 
stitution they now had. A distinctive feature of the 
past year had been the organisation of the Parliamen 
side of their work. Under the chairmanship of Sir 








remarked that manufacturers did not always see ‘eye 
to eye with the Government. They recognised the great 
and sterling qualities of those gentlemen and the tact 
and courtesy which they invariably displa The 
present gathering would afford those gentlemen an 


exceptional opportunity of saying anything they wished 
to say to British industrialists to a great assembly which 
represented pretty well the whole industrial energies of 
the kingdom. They were very nearly a thousand in 


membership; they would probably be a thousand 
in the course of a few weeks; they represented through 
direct membership of firms and associations something 
like 16,009 manufacturing firms in this country and an 
aggregate of 4,000,000,000/. of capital. They were not 
out for selfish ends, but for the general good of the 
country. There would be in the consideration of the 


.| great subjects which they would have to face no poison 


of selfishness. They would subordinate any supposed 
individual or class interest to the corporate needs and 
the national good. They would be g to hear from 
their visitors the Government’s intentions with regard 
to the control of industry which they recognised as a 
necessity for some period after the war, but which they 
hoped would be relaxed as quickly as possible in order 
that industry may have the free play which was its life 
blood. They would like to hear something about the 
plans for demobilisation and particularly those for the 
employment of the soldiers and sailors. They would 
also like to hear something about reconstruction—not 
the appointment of committees, but decisions taken and 
results attained. They would also like to hear some- 
thing as to the future economic policy of the country. 

Sir Auckland Geddes, who was the first to respond 
to the toast of ‘The Guests,” said : Our reconstruction 
must have the effect of making every family in the State 
feel that its position and health and well-being was of 
real interest to the State. There was nothing more 
eppalling than the condition of health of the people. 

. Addison dealt with the subject of demobilisation, 
and said the first business of the Government would be, 
as quickly as possible, to re-establish the great basic 
industries of the country. They must expedite the 
restoration of those industries as much as possible. The 
yy — was the supply of raw material and they 

ad ady arranged with the Shipping Controller a 
programme of shipping, directed to bring over as 
quickly as ible the raw material which the industries 
required. e Ministry of Shipping was sanguine as 
to being able to provide at quite short notice the necessary 
tonnage. The Government would cease control as soon 
as they could safely do so, and they wanted the 
industries then to take over the control that might be 
necessary. The resolution passed by the federation 
on reconstruction exactly expressed his own policy. 
He formally accepted the federation’s offer of co-opera- 
tion. 

Mr. Hewins, Under Secretary for the Colonies, dealt 
with the economic policy of the Government. Whether 
Protection or Free Trade were good things in the abstract 
he did not know ; the question was whether as regards 
any particular trade or industry tariffs should be set up. 
It was a question of the particular requirements of the 
particular trades. In the Paris resolutions and the 
resolutions of the Imperial War Conference in 1917, 
the Government had set out its intentions. What had 
to be done now were matters of detail. The reasons 
why the Government had not made a statement as to 





Rowland Barran, the committee of this group had met 
with considerable success. Their other activities were set 
forth in the report, and no one could doubt that the 
federation was justifying its existence by practical 
rasults, It was also evident that their activities were 
founded on sound ideals. In the past it had been the 
object of unjustifiable criticism and suspicion, but these 
were fast dying out, and he hoped that the discussions 
which were to follow would end them altogether. 
The president went on to refer to the various questions 
which were to be di d, pointing out that the most 
urgent and difficult was the tariff question. They were 
now within sight of being able to present to the Govern- 
ment a national policy which would meet the require- 
ments and safeguard the interests of every trade. 
Another vital matter of State policy was taxation. The re- 
solution which would be proposed on this subject sought 
to define the principles which should guide the Govern- 
ment in apportioning taxation. Other important 
subjects they were to consider were labour, education, 
housing and the organisation of industry through trade 
associations. It would add enormously to the strength 
of the faderation and to British industry generally if their 
huge membership would definitely adopt the policy of 
buying each other's products in preference to forei 
goods. Finally, it would be impossible to direct t 
process of reconstruction, effectively without the co- 
operation of industry. 

‘Bir Richard Vassar Smith then proposed that Sir 
Vincent Caillard should be the president for the comi 
year, This was seconded by iit. Dudley Docker 
unanimously agreed to. The following gentlemen were 
appointed vice-presidents: ‘Lord ih teestewer, Sir 
Rowland Barran, M.P., Sir A. Herbert Dixon, Bart., 
rnon F. Firth, Bart., Sir Robert A. Hadfield, 
Bart., Mr. E. Manville, Sir H. R. Rowell, K.B.E., and 
Mr. W. P. Rylands. Sir Vincent Caillard, Mr. F. Dudley 
Docker, C.B., Sir Algernon F. Firth, Bart., Sir Robert A. 
Hadfield, Bart., and Sir Richard Vassar Smith were 
appointed trustees. Messrs. W. B. Peat and Co. were 
appointed auditors. 
_ Sir Algernon Firth proposed the first resolution, 

pressing on the Government and country the necessity 
of maintaining the —_ i 


islasncy ood al pramrtine ouraging that spir 
industry of preser and enc ing thet spirit 
of individual ouberprive and initiative which was the 


which affirmed the importance of improving ‘i 
both primary, secondary, and adult, wth a view to, 
enriching the mental life of the nation and developing 
individual character and initiative and enabling every 
citizen to take his proper place in the activities of the 
community. Bailie John King, of Glasgow, moved a 
résolution on ‘‘housing,” urging the importance of 
securing in all housing schemes the greatest amenity 
in regard to lay-out and design, of avoiding as far as 
possible the segregation of classes, of allowing for the 
provision of adequate facilities for recreation and 
education, and providing such accommodation in each 
house as would enable the inhabitants to live in decency 
and comfort and to turn their leisure to profitable 
account. 

Sir Robert Hadfield, Bart., moved a resolution deali 
with technical education and inviting the coapuationel 
the Government, organised labour and educational 
authorities, with a view to improving technical and higher 
commercial education, to promoting the employment by 
manufacturers of students who had taken advan 
of the courses provided and to securing the introduction 
into industry of an adequate and regular supply of 
— ny personnel. 

Mr. Frank Moore moved a resolution affirming that 
the federation viewed with grave concern the recurrin 
instances of industrial unrest and recorded its approv 
of the general principles underlying the first report of 
the Whitley Committee; and inviting the group and 
sub- p committees to consider how far these principles 
could be —— to their industries. 

Mr. Max need moved that with a view to conso- 
lidating the industries of the country and reducing the 
speculative fluctuation in prices, members were recom- 
en ey to draw their requirements of 

ucts from members of the federation. 
Mr. H. R. tage moved a resolution im i 
upon manufacturers the great advantage to be deri 
from co-operation and the organisation of industry 
through trade associations. 

The last resolution was one approving the general lines 
of the policy of the Minister of Reconstruction in forming 
































emphasising the necessity of adapti this ber 
to 
the conditions of the different totene — 
Sir Vincent Caillard, presiding at the luncheon. 
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policy was not that the Government had not 
a policy. It was carrying out that policy effectively, 
but they could not deal with these questions as a set of 
philosophers. ‘ 

Mr. G. J. Wardle, Parliamentary Secretary of the 
Board of Trade, said he hoped the time was not far 
distant when instead of having separate congresses of 
employers and workers they might have joint con- 
ferences. Everything must be done to bring employers 
and employed together, and he was glad to see that many 
of the resolutions passed by the federation emphasised 
this. They must have self-government of industries, 
but not with labour shut out. 





Tue InpustrRiat Reconstruction Councit.—This 
body, whose offices are at 2 and 4, Tudor-street, E.C. 4, 
inform us that they have joined forces with the Recon- 
struction Society. The fourth lecture of the series 
arran by the Industrial Reconstruction Council will 
be held in the Saddlers’ Hall, Cheapside, E.C. 2, on 
Wednesday, the 13th inst. The chair will be taken at 
4.30 by the Right Hon. Lord Burnham, C.H., and a 
lecture entitled ‘‘A Retrospect from 1970” will be 





delivered by Sir Arthur Steel-Maitland, Bart., M.P., 
Parliamentary tary, Foreign Office and Board o 
Trade (Department of Overseas Trade). Applications 


for tickets should be made well in advance to the 
Secretary, at above address. 


EXHIBITION or Enemy Atrcrart.—The Royal Air 
Force Exhibition of myn | Aircraft will be ned 
at the Royal Agricultural Hall, Isli , N., by the Right 
Hon. the Secretary of State for the Royal Air Force 
(Lord Weir), at 3 p.m. on Friday, November 15. The 
opening will be by invitation only, and the public wil! 
be admitted at 5 o’clock. The exhibition be open 
to the public from 10 a..m to 8 p.m. on Mondays, 

ys, Thursdays and Saturda ene soageef 18. 
Admission, le, After November 15, passes will be 
i douelieens a Mowal ~ oe of oe Ts, 
ments, Cc .» a8 hitherto, 
on in writing by the employers to C.T.D., 
Ap.D. (L.), Central House, Kingsway. shee pom. 
however, will only be available for ad on ays 
and Fridays. 
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“THE MERCHANT SHIPBUILDING 
PROBLEM.” 


To tHe Epitor oF ENGINEERING. 

Srr,—Your able editorial of the Ist inst., serves 
admirably to draw public attention to the fact that to 
have won the war, but to have lost our pre-eminence 
in the world’s -shipbuilding industry, yet leaves us 
with something approaching a national disaster. You 
must, however, agree, upon consideration, that your 
suggestions go quite a small way towards meeting the 
revolutionary changes which are essential if we hope 
to remedy the present state of affairs. It is no use 
thinking this change can be brought about by rebuking 
some sections of the workpeople for inability to appreciate 
that they should work a lot harder, or by chiding a few 
shipyard officials for their cc vati The capabl 
organiser, when confronted with a brick wall of the sort 
indicated, always goes round it in preference to knocking 
up against it, and after all it is quite unlikely that the 
newly fledged American shipyard man works any harder 
or longer than his British prototype. We must recognise 
that the standard condition for many a day to come is 
that if a workman is contented he will work only 
moderately hard. If he is not contented, he will work 
less hard or not at all, and if his work is laborious or 
fatiguing he is more likely to be in the latter company 
than the former. 

It is not often appreciated sufficiently that the design 
of structural detail and methods of production in our 
shipyards to-day are very little different from those 
instituted forty years ago by our early iron shipbuilders. 
This may speak very highly of the ability and foresight 
of those pioneers, but when one considers the enormous 
advances which have taken place in other modern 
industries, such as marine engineering, ordnance manu- 
facture and many more, du the same period, it is 
possible that after all there may not be very much cause 
for self-satisfaction. 

It is true that in present-day structural shipbuilding, 
the amount of machine tools and mechanical equipment 
employed is considerably less in proportion to the labour 
wages — than any similar industry in the country, 
whilst the conditions under which many of the peop! 
work are omnne out of date. Perhaps the worst sting of 
your article lies in the statement that the wonderful 
shipbuilding achievements being made by the. United 
States are mostly through organisations directed by men 
and operated by workpeople who as recently as two years 
ago, were totally ignorant of thé practice of shipbuilding. 

It is a pity, however, that your article did not enlarge 
upon the chief lesson to be learned therefrom. These 
men have been brought up and trained in an atmosphere 
impregnated with ideas of production and repetition 
processes very different from anything which has been 
considered necessary in this country. Methods which 
dominate the manufacture of the domestic sewing 
machine, or the democratic automobile, for examples, 
have had an enormous educating influence upon most 
industrial processes in America and have very largely 
made their influence felt in many branches of industry 
in this country. It is fully realised by many sections 
of our engineering community that America’s greatness 
lies, not in excellence of design, but in scientific labour- 
saving production, and it is undoubtedly a fact that their 
experience in this direction is being largely used to-day 
in their shipbuilding processes. In other words, it has 
been proved that scientific direction and organisation 
is more potent than the practical skill of the individual 
workman, 

Standardisation, as understood by America, is a 
thing totally apart from what is called standardisation 
by our shipbuilders. No standard ship yet built will 
stand the test of having an assembled piece of structure 
removed from it, with the certainty of it fitting a similar 
ship built to the same dimensions and even made from 
the same moulds and templates, for the reason that 
systems of limits, while common in many other branches 
of industry, are almost unknown in shipbuilding practice, 
simply because there has never before been any need to 
use them. 

How this affects matters may be seen when it is 
remembered that the speed of building ships depends 
primarily upon :— 

(a) The number of slipways available in the country. 

(b) The amount of structural labour which has to be 
done upon the slipway. 

(c) The accessibility of the structure and the number 
of men which can conveniently be employed on same, 

(2) The number of days of the year which permit of 
work in positions oe to weather. 

(e) The number of workpeople it is possible to crowd 
into the vicinity of shipyards. 

All these factors are manifestly controlled by the 
amount of work which is done upon the material before 
it arrives at the slipway at all, and therein lies the most 
promising way to the big improvement desired. Our in- 
land manufacturing towns contain many thousands of 
workpeople skilled to a high di in repetition methods 
and accustomed to working to dimensions of considerable 
accuracy by the aid of jigs and templates, to an extent 
undreamed of by the average shipbuilder. Their services 
are partly free now, but meray immediately the war 
finishes they will be available for ship construction, 
which of all national irements is likely to be the most 
urgent. The few operations they do-not know can be 
quickly tau ps te rg ] lay -out and organisa- 
t.on will reduce transport di ties to an inappreciable 
minimum. R 

The present organised system of “‘ fabrication ’’ on the 
premises of ce steel works, &c., is of comparatively 
small assistance, because it employs labour in a direction 
that has very little effect u the actual bottle-neck of 
the operations of structura ‘Snishing a ship. 











The crucial difficulty in the way of adopting my 
suggestion is that before this army of workpeople can 
materially contribute their assistance, a certain amount 
of revision must take place in methods in our ts 
and some amount of alteration of design would be 
desirable to make the best use of it. Whether our ship- 
building establishments will avail themselves of such 
opportunities is doubtful, but one thing is not uncertain, 
viz., that America will continue to use such methods to 
her advantage and will largely develop them, and if we 
do not follow suit, our national position will be worse than 
it is now. 

Yorus truly, 
T. G. Jonny, M.I.N.A., A.M Inst.C.E., 
A.F.Aero.Soc. 
‘* Ferndale,’’ Manor-road, Coventry, 
November 4, 1918. 





“ THE INACCURACY OF THE GAS METER.” 


To THE EpiTor oF ENGINEERING. 

Str,—May I offer a brief explanation in reference 
to a remark that occurs in your article of October 25, 
page 468, reviewing my paper on “ Unaccounted-for 
Gas.” The is as follows: ‘‘The company 
correct their make to a standard—leaving their con- 
sumption uncorrected; so calculated on the whole 
year, these corrections give a figure of unaccounted-for 
gas annually which averages }? per cent. (on the make) 
too much. In his charts ae unaccounted -for 
gas, during the last ten years Mr. Parkinson deducted 
this } per cent. from the figures supplied to him. The 
whole correction is obviously crude.” 

The above would imply that the } per cent. was the 
correction actually deed, but that is not so, for the chart 
figures were corrected quarterly according to actual 
mean temperatures and pressures. The } per cent. 
and also the other figures quoted in your review may be 
rightly described as crude; they are only given for the 
sake of example. The actual differences made by the 
correction annually, vary in ten years from 0-1 per cent. 
to 1-3 per cent., and between these extremes lies the 
mean 0-7 per cent. or, vege per cent. Quarterly 
the variation is far greater according to the seasons of 
the year, and the extreme variations in ten years are 
3-69 in the winter and minus 2-32 in the summer. 

I am, Sir, yours faithfully, 
B. R. Parxrnson. 

Gas Light and Coke Company, Goswell-road, E.C. 





“COAL SAVING BY SCIENTIFIC CONTROL 
OF STEAM BOILER PLANT.” 
To tHE EpiTor or ENGINEERING. 

Sir,—I have read with much interest the various 
letters from Mr. Anderson, and fully appreciate his 
attitude towards your correspondent ‘‘ Get a Move On.” 
I cannot, however, allow two paragraphs which appear 
in his letter of Friday last, to go by without comment, 

(a) I agree with Mr. Anderson that water-tube boilers 
are largely used at power stations, but probably the 
smaller space taken is a factor in their favour, as I am 
quite satisfied that a Lancashire boiler seated and fitted 
out on modern lines, properly stoked and operated by the 
same draught, will give as high an efficiency as a water- 
tube boiler. I have in mind several installations of 
Lancashire boilers in Yorkshire, where the overall 
efficiency exceeds 80 per cent., in one case 85 per cent. 
is attained, and it is knowing the possibilities with this 
type of boiler which makes me so persistent in advocating 
more scientific methods of working it. 

(b) My second objection is to Mr. Anderson’s comment 
on “Boiler Firemen.” I have been amongst them 
directly and indirectly for years, and given to some of their 

ieties in L hire and Yorkshire over a dozen 
lectures on handling boilers and similar subjects, and 
have always found them most willing to learn and to 
adopt any suggestions for betterment, in fact, takin 
them as I have found them, they are a class of g 
fellows, and the world would be better with more like 
them. Once a stoker sees he can work on better lines 
and help his employer more, he will do so, but. the 
majority of them to-day are comparatively new men, 
and have not had the opportunities for learning how to 
do this; they really then require at present sympathy 
rather than blame. 





Yours faithfully, 
W. H. CasMpEy. 
Milnthorpe, Wakefield, November 5, 1918. 





WOMEN IN THE DRAWING OFFICE. 
To THe Epitor oF ENGINEERING. 

Srr,—In your issue of October 18 appears an account 
of the National Conference of Women, and in the account 
occurs a remark from a Mr. Ben. Morgan, who spoke as 
one having authority (from the Ministry of Munitions), 
and gave the benefit of his experience to the assembled 
ladies. The remark is to the effect that “women are 
specially suitable for such semi-skilled operations as 
tracing, and draughting.”’ It is possible that the rest 
of Mr. Morgan’s speech was accurate and reliable, and as 
the apparent object of the conference was to indicate to 
the ladies the departments and processes of industry 
which held out the best prospects for their employment, 
I am sure Mr. Morgan will not object to a correction. 

Therefore, ladies, be not misled. You are as welcome 


to the drawing office as you have been to the shops. 
Many of you have been there for years—tracing—and 
you have done the work moderately well; Lcan:say no 


more. You will be employed willingly. enough as 
draughtewomen when you are capable of supplanting 
draughtemen, and,if you organise yourselves properly 





ou will perhaps earn as much money. Do not, however, 
t this golden dream of Mr. Morgan deceive you into 
believing that you can command the princely salaries 
id to draughtsmen in the short space of time that 
‘semi-skilled ’’ would seem to promise, Rather, make 
up your minds for years of hard preliminary work. For 
days spent in the shops and nights in the technical 
classes. Look up your mathematics, your mechanics, 
your metry. Be sure that Jyou will have to know 
something of most engineering processes, from pattern- 
making to freightage, and a variety of matters there is no 
space to enumerate. And then, after having thoroughly 
ascertained what you will let yourselves in for, ask your- 
selves whether here is not some equally well-paid, 
semi-skilled job among the Ministry officials that would 
be more to your ern ie 
And may I deferentially suggest, Sir, that the next 
time Mr. Morgan undertakes to give advice he gets his 
particulars of drawing-office work from No, 8, Victoria- 
street, 8.W. 1, which is the Head Office of the Association 
of Engineering and Shipbuilding Dravghtemen, where 
fully-skilled information may be obtained free, gratis, 
and for nothing. 
Yours faithfully, 
Ernest H. WALKER 
(Chairman, National Executive). 
61, Claverton-street, 8.W. 1, November 4, 1918. 





Freer Buirprers.—Messrs. J. Readhead and Sons, 
West Docks, South Shields, have just launched the 
Trevanna, the seventy-fourth vessel that they have 
built for Messrs. Edward Hain and Son, St. Ives, 
Cornwall. She is the last of six they were commissioned 
to build for the firm before the war, and is one of the 
biggest types of merchant vessels. Mr. James Read- 
head, the managing director of the builders, who was 
present at the launch, has witnessed the launching of 
all the 74 vessels that comprise the ‘Tre’’ fleet. 





New Fasricatep Sxir.—Sir W. G. Armstrong, 
Whitworth and Co., Limited, have just delivered from 
their Walker shipyard their first fabricated ship, designed 
by themselves. She is constructed on the Isherwood 
system of longitudinal framing, and has a c ing 
capacity of 10,000 tons. The keel was laid on March 11 
this year, the launch taking place on September 5, The 
total time from keel laid to handing over was 31 weeks 
5 days. Circumstances beyond the control of the 
builders interfered with the work of completion, or the 
vessel would have been finished a month earlier. The 
experiment in fabrication was, however, very satis- 
factory, and promises well for despatch in the building 
of the rest of the ships of the series at this yard. 





SHock 1n HypRav.ic Systems.—Mr. Alfred Towler, 
M.1.Mech.E., of the Leeds Engineering and Hydraulic 
Company, Limited, read recently, before the Leeds 
Association of Engineers, a paper in which he stated that 
shock in hydraulic systems could be ameliorated by in- 
terposing some form of cushion or relief at the zone of 
maximum intensity. The term ‘momentum valve,’’ he 
added, was a misnomer; it was not a valve in the 
strictest sense— and would be better called momentum 
or shock absorber, or alleviator, as was now more common. 
These devices were usually spring-loaded ; in large sizes 
there were several tiers of springs, and several springs in 
each tier; this was for the purpose of manufacture and to 
minimise risks in case of springs failing. Sometimes the 
device was combined with a relief valve so as to let a 
relatively small quantity of water escape when a pre- 
determined pressure had been exceeded. The speaker's 
works were situated at one end of Leeds Waterworks 
service main, which was subject to the pulsations of 
pressure or shock waves, and by opening a stop valve 
a very little the pulsations ceased. As a general pre- 
caution in a hydraulic system the speaker recommended 
a large combined momentum and relief valve being 
located near the accumulator and an alleviator near each 
pump and hydraulic machine, but the details of the 
installation should be in proportion and the whole 
arranged with intelligence in every case, to arrive at 
the best results. Weight-loaded accumulators were not 
ideal, on account of the loading, or the mass, which 
was not sufficiently sensitive and often increased shock, 
particularly if the accumulator was on the small side. 
On board, where accumulators were subject to the rolling 
and pitching of the ship, the loading was generally done 
by steam; on land, the speaker was strongly of opinion 
that compressed air was the best medium for loading 
hydraulic accumulators and alleviators which really were 
accumulators in miniature. Mr. Towler ed to 
ony that it was undesirable to employ air veseels on the 
delivery side of hydraulic pumps, because the air escaped 
whenever the pressure fell ; not only was it expensive to 
replace, but air in hydraulic mains was a source of d r 
on account of the liability of air locks. It would 
understood that in the air loaded accumulators and 
alleviators recommended, the compressed air was con- 
fined in a vessel from the water, and should the 
pressure of the latter fall, the former could not be 
released. Air vessels on the suction side of pumps were 
sometimes objected to because they were alleged to have 
a habit of getting full of water, or empty ; if the former, 
some means should be provided to replenish the air. 
per if the latter, ¥ was aps that > = an in- 
8 t water supply to t mp—either ipes 
were too small, Ge there was hea sufficient need.” All 
air vessels should be supplied with water gauges and 
air-charging devices, neéded periodical attention 
the correct water-level generally indicated favcurable 
suction conditions, w were essential to the satis- 
factory and efficient working of hydraulic pumps. 
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SHIPS LOSSES AND REPLACEMENT. 


WE gave in a former issue, on page 143 ante, par- 
ticulars then available on the output of merchant 
tonnage in the United Ki m and Allied and neutral 
countries. We now complete the information from an 
announcement made by the Secretary of the Admiralty. 
Table I gives the output of merchant to down to 
the third quarter of the present year, Table II 
the tonnage of vessels completed in United Kingdom 
yards and entered for service, down to last month :— 


Taste 1.—Output of Merchant Tonnage. 








United Allied and 
Period. Kingdom. Neutral. World. 
1915 $530,919 551,081 »202,000 
1916 541,552 ,146,448 1,688,000 
1917 1,163,474 1,774,312, 2,937,786 
1918. “ - 
First quarter .. 320,280 550,037 870,317 
quarter 442,966 800,308 1,243,274 
Third quarter... 411,395 972,735* 1,384,130 














* Provisional figures. 


The output of the world during the last quarter 
exceeded the losses from all causes by nearly half a 


LOSSES @y ENEMY 


AND MARINE BIR 





a0 me 


million gross tons, the fi being : United Om» 

loss over output 99,156 tons; Allies and Neutral, out- 

put over loss 590,740 tons; difference, being output 

over loss, 491,584 tons. 

Taste IL.—Tonnage of Vessels O tin United King- 
dom Yodlans Entered - Service. — 























Completions. Completions. 
1917 gross tons 1918 gross tons 
January.. -. 48,089 January. . -. 58,568 
February 79,451 February 100,038 
March .. 118,699 March .. 161,674 
April .. 711 April .. 111,533 
a 69,778 eg 197,274 
June... 109,847 June... 134,159 
July oe 83,073 July os 41, 
Fm wed => 02,060 A es 124,675 
oe ber 68,150 mber 144,772 
ber. . 148,309 ber 36,100 
Total ten months Total ten months 
to October 31, to Octobe: ‘ 
1917 .. .. 802,162 1918 .. . 1,310,741 
Total 12 months Total 12 months 
to October 31, to Octo $1, 
1917 .. . 1,045,036 1918 .. . 1,582,053 
On pege 474 ante, we illustrated in a diagram the 
losses and output of merchant tonnage for the United 
Kingdom. In the diagram herewith we now illustrate 


the world’s losses by enemy action and marine risks 
and the shipbuilding output of the world down to the 
third quarter of the present year. 

Speaking in Parliament Jast Wednesday, Dr. 
Macnamara noted that up to September 30, the gross 
tonnage of British merchant steamships lost by enemy 
action and marine risk, was 8,946,000. The loss had 
been made good to the extent of 5,443,000 gross tons. 
This left a deficit of 3,503,000 gross tons. : 





BrazitiaNn REQUIREMENTS OF ROLLING-STock.—The 
prospects of the cotton crop, says The Board of Trade 
Journal, are reflected in the demands of the railways 
for rolling-stock, For instance, 40 new locomotives 
is what one railway wants in anticipation of the cotton 
, crop. The Sao Paulo Railways, it is stated, require 
‘ six new locomotives, Thisis anormal want. Up to the 

present the railways have always received ait their 
imported rolling-stock from the United Kingdom. __ 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 





19 24 #0 


(5652) 
Nors.—In the di 
quotations of the Lon 


above the figures 
Metal Exchange, as far as they have been 
“standard” metal respectively. The prices shown for 


are for American metal. The are 


represent le, each. On July 7, 191 
regulations governing the dealing 
at 61. 2s. 6d., 


see page 45, vol. cii.) 





(Specially Compiled from Official Reports of London Metal Markets.) 


the Minister of Munitions issued a list of 
in certain metals, 
at 51. 14, and Cleveland at 42. lls. 6d. per ton. 
11k. 10s., and heavy steel rails at 101. 17s. 6d. per ton. These quotations are 
regulations 
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plotted for tin and copper are the official closing cash 


rted, for “fine foreign” and 
are for English : metal, whilst those for spelter 


per ton. The price of tin-plates is per box of 1,C. cokes free 
on board at Welsh ports. Each vertical line in the 
zontal lines represent li.. each, except in the case of the diagram 


ts a market-day, and the hori- 
relating to tin-plates, where they 
can rae oe 
&o.; thus the price of hematite was fix 
; Ship plate were priced at 
ill in force, (For official 








Tae German Locomotive Inpustry.—-The secretary 
of the German Locomotive Union has recently published 
some information about the German locomotive indust 
and its prospects during what is now generally cal 
the reconstruction period. He holds that prea Ampere 
will be satisfactory, but that the enhanced capacity of 
the locomotive factories will not be fully utilised. He 
estimates the possible output of the north and south 
German factories at far above 4,000 locomotives per 
annum, of a weight of more than 200,000 tons. Prior 
to the war Germany exported about one-fourth of her 
production of locomotives, large and small, the export 
accounting for :— 


shat RK pe a Mate 
» Pee ¢ cent. r cent. 

1912. =. es es 38° “sr 25-3 ” 

First 7 months, 1914 30°33, 23-2 ,, 


At present the home consumption has absorbed almost 
the entire production, so that the German railways, 





field railways and military railways have now @ con- 
siderably larger number of locomotives at their disposal 
than before the war. The German railways have supplied 
several thousand locomotives to neutrals, allies, and 
occupied territories. Many of these locomotives, and 
all the several hundred field railway engines, will come 
back after the war and be employed om the small lines, 
for industrial concerns and contractors. This must 
mean a tangible reduction in the demand for small 
locomotives. The interrupted international traffic cen 
only again be re-established very slowly. The cessation of 
orders from abroed and the reduced demand for small 
locomotives will not nearly be counterbalanced by the 
home demand. bear pond — prege y  cel page a8 
reason to apprehend any shortage of locomotives on 
German rallways after the war. As regards prices, the 
Prussian- Hessian Railway Department ite esti- 
mates on an sve! price for locomotives for the 
years 1914-17 of 90, marks 


to 100,000. merks. 
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THE 200-H.P. AUSTRO-DAIMLER AERO 
ENGINE. 
(Concluded from page 492.) 


Oil Pump and Lubricating System.—The .uorication 
system of this engine is on the wet sump principle, 
having one large pump to keep the main oil in circulation, 
and a smaller pump to supply a small charge of fresh oil 
to the system at each pump stroke. In this engine the 
main pump sucks oil from the sump, which is approxi- 
mately of 7 gallons capacity, delivers it under 
pressure to the main journal bearings. The small pum 
supplies the camshaft with fresh oil taken from the tonk 
cast in the top half = the crank-case. The Se oil 

mp (see Figs 18 and 19) consists of a stee' r 
40 mm. in diameter, working in a cast-iron tere This 
plunger is hollow and has another plunger or ram, 
7 mm. in diameter, fitted inside it. Both the barrel of 
the pump and the small p r remain stationary, 
whilst the large plunger is rotated by means of a bronze 
worm wheel, which floats on a square formed on the 
plunger. The worm wheel is driven from the crank- 
shaft by a worm cut on a small inclined shaft. Besides 
rotating, the plunger is made to recip te by 
of @ scroll cam machined in the r, which works 
against a hardened stecl roller 
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gnition.—The two Bosch Z.H.6 type tos are 
driven by bevel gears off the bottom end of the cam- 
shaft driving spindle at the front of the engine. The 
magnetos are mounted on aluminium bed plates which 
are bolted to the top face of the crank chamber, which 
forms an extension over the auxiliary oil tank. As will 
be noticed in the illustrations of the engine, the magnetos 
are placed diagonally, each magneto being driven at an 
angle of 52 deg. to the crankshaft axis, in a horizontal 
plane. Two Bosch three-point ogee ty are fitted 
to each cylinder on the same side of engine, being 
screwed into the combustion heads just below each inlet 
valve ; each magneto, of course, serves one plug in each 
cylinder. The to controls are interlinked with 
the throttle control, so that when the ine is throttled 
down the ignition is automatically re’ ed. The order 
of firing is as follows :— 


Propeller—1, 5, 3, 6, 2, 4. 
As shown in the photograph of the induction side view 
of the engine, Fig. 1, page 488 ante, all the high-tension 
leads from the magnetos are carried in a particularly 
neat form of cable carrier, which is made of red sheet 





fibre and is carried on cast aluminium brackets attached 
to the top of the crank-case. 
‘arburettor 8 


Cc and Induction —The duplex car- 


ystem. 
into the pump | burettor (see Fig. 20, page 538) is on the left side of the 


Fig.19. 





cylinders. As shown in the sectional arrangement 
drawing of the pressi 1 gear, it is mounted 
on the cover of the cast aluminium camshaft casing. 
A hand pressure pump is also fitted in the machine. 

Water Pump.—Fig. 21, 538, is a section of the 
complete water pump. is is of the centrifugal type, 
and as shown in the views of thelengine is driven 
directly off the rear end of the crankshaft by a bevel 
gear which is integral with a sleeve forming an extension 
shaft. This is attached to the rear end of the crankshaft, 
and also drives the gun interrupter gear through a worm 
gear on a transverse shaft. 

The water pump spindle is inclined at an angle of 
30 deg. to the crankshaft and runs in phosphor-bronze 
bearings. The driving bevel gear floats on the end of 
the pump spindle, and is fitted with a ——— diameter 
thrust ball race and retaining spring, which, being at 
the bottom end of the spindle, are as far away as possible 
from the rotor of the water pump. Both the pump 
spindle bearings are well lubricated, through two drilled 
holes in the pump body and oil grooves cut in the spindle 
bearings, by a large self-acting grease lubricator which 
is screwed into the cast aluminium water-pump body. 
The pump rotor is 112 mm. diameter and is formed 
with six vanes of the usual Mercedes type. The rotor 
is keyed to the spindle and secured by a gun-metal nut 
and washer. 


























{ 


_— VTey oceeese 


> 


Se et ee dented 
ed 


\ tt 
bi4y 3} 














F 


Fies. 18 anp 19. Derarrs or Om Pump anp O11 TANK. 


barrel, and thus transmits the reciprocating motion 

to the plunger, the end of which is plug and forms 

the piston of the main pump. The small ram ntted 
sank 


ong, and supplies the mixture through two separate 
vanised steel induction manifolds; each manifold 
eeds three cylinders, and is lagged with asbestos. The 





inside is also hollow and works on the same principle, 
though in this case the barrel moves whilst the ram 
remains stationary. A port cut in the side of this small 
omy is put in communication alternately with the 
supply pipe from the tank and the delivery pipe to the 
camshaft, by means of an oil way drilled radially in the 
main plunger. From the main oil pump the oil is 
forced along a delivery pipe to the centre of the engine, 
where it feeds the main oil lead running beneath the 
crankshaft and connected to each of the journals by 
vertical branch pipes. 

The crankshaft is bored and plugged in the usual 
manner and conveys oil from the journals to the crank 
pins, whence tne oil is forced up the small pipes attached 
to the connecting rods into the little end bearings. The 
delivery pipe from the small pump to the camshaft is 
taken up the front end of the engine and runs along 
outside the camshaft casing, being connected to the 
oil = drilled in the cover plates by six inclined 
channels formed in the cover plates, as shown in 
Fig. 12, page 490 ante. From this central oil lead in the 
cover plates the oil is conveyed to the camshaft bearings 
by the vertical holes drilled in the ends of the cover 
plates, and to the inner rocker arms by short cross 
channels, which deliver the oil into grooves milled in 
the rocker arms, whénce it finds its way to the journals 
of the hollow rocker spindles and their bearings, and also 
to the cam rollers and cams. The camshaft casing is 
always kept full of oil, and provision is made for fillin 
pe before starting by three holes utted with screw 
plugs, which oe in the top of the cover plates. 
From the camshaft casing the oil overflows through two 
grooves formed in the side of the front camshaft bearin; 
and thence finds its way to the sump down the vertic 
spindle casing, rycen apge Magy vertical spindle beari 
and gears on its way. oil sump is excepti y 
deep and is fed from the sheet steel false bottom by 
three pipes, one from each end and one from the centre. 





car is built up in three sections. The bottom 
section—which is made of gun-metal—contains the two 
float chambers and the four jets. A common tilter | 
chamber fitted with the usual gauze strainer is cast on | 
the front of this portion. The centre portion of the | 
carburettor—which is made of aluminium—contains the 
butterfly throttles, and the upper portion of the choke 
tubes. 


A large air chamber, cast round the throttle barrels, 
is used as the outlet for hot air from the crank-case 
and thus helps to warm the mixture. The top portion 
of the carburett ists of a cast aluminium chamber, 
in which the supply for the two carburettors is united, 
thus ensuring an equal supply to each manifold. This 
chamber has a water jacket cast round it, which is 
connected to the main water circulation system by a pipe 
at each end. 

The annular float chambers encircle the choke tubes. 
Two jets are fitted in each carburettor, the capacity of 
the main jet being 35 c.c. per minute, and that of the 
pilot jets 5-8 c.c. per minute. The filter is fitted with 
a release valve which discharges into a small 
chamber below the niter, where it unites with the over- 
flow from the float chambers. The air supply to the 
carburettors is taken from the false bottom, through a 
passage cast in the side of the crank chamber, an extra 
air valve is fitted round the choke tubes. 

Petrol Tanks.—In the Austrian “Berg” biplane 
scouts, fitted with these Austro-Daimler engines, the 
main petrol tank is under pressure, and is situated 
at the bottom of the fuse , behind the engine. A 
small gravity tank holding 3} gallons is also fitted as 
an emergency fuel tank, just behind the engine in the 
upper of the fuselage, and the total air endurance 
according to report is given at 2} hours at 1,000 ft. 

Air Pump.—The i pee for the petrol tank pressure 
is of the spring-loaded plunger type, and is operated 
by a separate cam on the camshaft between the two rear 








A conically-faced shoulder is machined on the pum 
spindle directly beneath the rotor. This shoulder 


| into the bevelled face of the bronze bearing, forming an 


efficient water joint. The water pump, although some- 
what heavy in its construction, is well designed and is 
very accessible. The diameter of the intake e 
through the cover is 36 mm., and the diameter of the 
delivery is also 36 mm. 

Water-Cooli System.—A type honeycomb 
radiator is u with this engine, and is mounted at the 
front of the engine, directly behind the propeller (see 
Fig. 22). ‘The capacity of the radiator is approximately 
4 gallons, and a small barrel-shaped condenser, 4 in. 
diameter and 5 in. long, is provided on the top of the 
radiator, ap’ ntly to pr vent boiling water from 
escaping and blowing back. No louvres or blind are 
fitted to prevent over cooling. 

From the bottom of the radiator water is circulated 
through the steel pipe to the inlet of the water pump 
and is delivered into the bottom of each of the cylinder 
water jackets. These are coupled ther in the usual 
way by rubber joint rings clips, h at the bottom 
of the water jackets and in the water passages above 
the Siena in the cylinder heads. The construction of 
these joint ri is interesting, consisting of bevelled 
rubber ring3, suateseel in the centre with @ steel spring 
ring. The rubber joint rings are expanded into the 
outside of the conical faces of the steel water connections 
on the cylinders by the halves of a split aluminium ring, 
which are clamped together by a band clip of ordinary 
design. From the results and appearance of the engine 
during tests these water joints are very efficient. Circu- 
lating through the cylinder water jackets, the water 
passes to the top of the radiator through two passages 
cast in the front end of the aluminium camshaft casing. 
These water passages encircle the camshaft just behind 
the driving bevel gears. 

Revolution Indicators.—A flexible drive for the engine 
speed indicator is driven directly off the rear end of the 
camshaft in a small extension c ber, and some form 
of revolution indicator was apparently mounted in the 
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centre of the ‘‘V”’ radiator. Unfortunately the instru- 
ment is missing, but a portion of the driving ism 
is shown in the general arrangement, Fig. 3, on page 
489 ante, from which it will be seen the gear 
employs a small diameter worm mounted about half-way 
up the vertical driving shaft. This engages with a 
worm pinion which drives a trip-gear pinion at a speed 
ratio of approximately 1 : 100. 

Wireless Generator.—A flange is machined on the rear 


= 
by 
s 





PA y= 
SS 
S 
AAAS 


> 
s 
Sss 


Lda 


sl) eddie 


4 





Kingsway, W.C. 2. 


R.A.E. CaLipraTioN AND ENDURANCE TEST REPORT. 
The 200-h.p. Austro-Daimler engine was coupled to 








ii 


This engine is at the Enemy Aircraft View Rooms: 
Islington, and may be seen on production of a pass» 
obtainable by written application to—The Controller, 
Technical Department, Ap.D. (L.), Central House, 


a Heenan and Froude dynamometer, and run for the 


made the subject of a separate test, the results of which 
are given in the following test report and delivery curves, 
Fig. 25. The pump has coupled to an electric motor and 
run with the following results :— 


R.P.M. Pressure. Delivery. 
1,800 2 Ib. per sq. in. 42 gallons per min. 
1,800 4 se 43 2 

1,800 6 “* 28-5 i 


The weight of the complete water pump = 7-6 Ib. 
































~ Fic. 20. CARBURETTOR. 

















Fie. 21. Water Pump. 


extension of the crankshaft to take a belt driving pulley 
for the wireless dynamo. This pulley is probably of the 
standard friction clutch type used on all enemy engines. 

Exhauat.—No exhaust manifold or silencer is provided, 
but a separate short exhaust pipe about 12 in. long, of 
streamline section, extends from each cylinder. These are 
shown in the view of the engine, Fig. 2, on page 488 ante. 

Conclusions.—The design of this new type Austro- 
Daimler engine, as set out in the foregoing detailed 
description, and the following data and test results, shows 
a careful study of details. Both in its general lay-out 
and in most of its details of construction this engine 
undoubtedly possesses more originality in design than 
the majority of enemy engines up to the present time. 
The design of the lubrication and oil-cooling system 
has evidently been carefully ccnsidered, as have also 
the carburettor and induction systems. 

The new type of scroll cam o:] pump is interesting, 
but in its present form is excessively heavy. This type 
of oil pump, however, it is interesting to note, is now used 
on the new 270-h.p. Bassé Selve engines. In these 
engines the oil pump works on exactly the same principle, 
but is duplex and is relatively much lighter, the body 
of the pump being made of cast aluminium instead of 














. Fig.23. VALVE LIFT DIAGRAM. 


of Crankshaft Rotation. 
Fie. 23. Vatve Lirt Dracram. 





usual calibration and 1 hour endurance tests. Power, 
throttle and consumption curves are given in Fig. 24. 


Calibration Results. 





Revolutions per minute..| 1,300 1,400 1,500 1,600 
1 


Brake horse-power ee 86 200 212 222 
Brake M.E.P. .. ++} 123-5 123-3 122 119-7 
Petrol consumption in 

Pints /b.h.p./hour «>| 0°55 0-545 0-546 0-548 





Endurance Test.—The engine was submitted to an 
endurance test of 1 hour’s duration at normal revo- 
lutions, ¢.e., 1,400 r.p.m., with the following results :— 

Average output ot .. 202 dD.h.p. 

Average speed .. a .- 1,400 r.p.m. 

Petrol consumption per hour.. 14 gallons. 

Petrol consumption per b.h.p.- 0-555 pint per b.h.p.- 
hour hour. 


Oil consumption perhour .. 7 pints. 

oil — oe es .. 5 Tb. per sq. in. 

Oil temperature 0 50 deg. C. 

Water temperature (inlet) .. 54-5 deg. C. 

Water temperature (outlet) .. 60 deg. C. 

Total duration of tests .- 10 hours 25 minutes. 
Complete weight of engine 728-5 Ib. dry. 


Weight per Brake Horse-Power. 
At 1,300 r.p.m. = 3-81 Ib. per b.h.p. 
1,400 3- 


” = ” 


1,500 |, = 3-43 

1,600__,, = 3-28 ” 
Running during 1 Hour Endurance Test.—Very steady 
between 700 r.p.m. and 1,700 r.p.m. At 500 r.p.m. 
vibration was bad, and below this speed running was 


generally unsteady. 
Distribution._Very good. 
Cleanli —Throughout the test the engine kept 





cast-iron. 

The 200-h.p. Austro-Daimler engine would be very 
suitable for installation in any of the small enemy scout 
machines which use the 180-h.p. Mercedes engines, but, 
qpoatens poneeally, the new Austro-Daimler engines 
need hardly be considered as a serious effort to compete 
with any of the Allied aero engines of the same rating 


remarkably clean. No trace of oil or water leakage 
was observed. 

Troubles Experi on Test.—The K.L.G. spark pl 
fitted for the test gave trouble by shorting internally. The 
valve tappets required to be seehiecad titan the test 

Test Water Pump.—S; of the water pump 





and proportions. 


spindle = 1-84: 1 craukshaft revolution. The delivery 
of the water pump under varying pressures has been 


Fig. 22. Raprator. 


Fig.24. POWER, THROTTLE AND 
SUMPTION CURVES 
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WATER PUMP DELIVERY CURVES. 


Delivery in Gallons rer Min. 


(sere) 


R.A.E. MetTatturcicat Test REPort. 


The chemical compositions and the relative material 
strengths of the principal parts of the engine are given 
in the following chemical analysis and mechanical test 
reports :— 

GENERAL Data. 


Make of engine and rated h.p. .. evens 200-h.p. 
we x. 


Number of cylinders .. 
Type number is sp .. 8597. 
re ee - oe .- 135 mm. (5-31 in.) 
Stroke on a we ..- 175 mm, (6-89 in.) 
Stroke /bore ratio de os 2°SO3% 
Area of one piston é* .. 148-18q. ee in.). 
Total piston area of engine 858-6 sq.cm.(133-1 sq. _ 





Swept volume of one cylinder s j 
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(1) Chemical Analysis. Mean Gas es (1,400 r.p.m.)— $08 0h. perete GENERAL ANALYSIS OF WEIGHTS. 
: . Inlet valves a e% -. 140 ft. per sec. 
gi¢ Eis sie#i{¢e8 Exhaust valves .. i's .. 136 ft. per sec. Average ik Per- 
g g | 8 g s |8| 8 Exhaust branch pipe... -» 100-5 ft. per sec. aacaremas No. | “Uni oo centage 
=e elsl2l se |] 5 | | & | inlet Valocs— een Lae Weight (Com ate 
a | & a ee pen mb r - yd ee se Sue. apa "| in Lb. | an >. Weight. 
= . 4 35, Fz t ee mm. (1- ~) 
ll Mill sis ae jo \|* Efctive val valve port diameter se one. 10-08 in}: 
Width of sea ° oe -5 mm. (0- -). . r . 
Crankshaft + «+|014]0-27]0-48/0-080/0-006|1-34|3-45| Angle of seating .. mah yen eg. Seaton, bere, sit aes 6 | 18-43 | 110-62) 15-30 
Cylinder .. fs . .0-47|0- 19/0 -67|0-037|0-046) nil | nil of valve iy Hg .. 9-9mm. (0-89 in.). ~ gi ewe 6 1-06 6-37 0-87 
Connecting rod. .|0-40/0-16|0-73/0-043/0-023/0-36]1-50]| Diameter of stem.. id .. 10mm (0-89 in.). mn compete with ri D4 3-52 | 21-12 2-90 
Gamsh vft (ease-hardened) — |0-21/0-43|0-035]0-012/0-57/3-15| Length of valve guide .. .. 68 mm. (2°67 in.). G Ay mes 6 0-66 | 4:00! 0-64 
Inlet valve é .|0-46/0-24/0- 42/0-023/0-022/0-47/2-28| Overall length of valve .. ie 138 mm ‘ 315 in.). pam me 6 4-84 | 20-04 3-98 
Exhaust valve .. . .{0-44]0-2410-41/0-025/0-022/0-47|/2-36| Number of springs per valve .. One. pn = — pag 1 06-50 | 96-50 | 18-94 
Valve rocket - 0- 46/0 -09/0-63/0-051/0-028/0-42)1-57 Free length of spring 60 mm. (2-36 in.). Ink ag 12 0-34 4-12 0-56 
a pin = lan of orien my position (no 46 mm. (1-81 in.). —— bee! 12 0-34 4-12 0-58 
rdened) ..| — |0-12]0-49]0-028/0-011/1-15/3-70 inl pe b ~~ ails br 0-16 3.88 5-53 
Mean aunian: of coils .. .. 84mm. (1-34 in.). niet exhaust vaive spr ngs 
Di + f wire < Ss 4 mm. (0-187 in.). = ee and locking om 0-0 8-39 0-20 
2) Chemi is. Ratio length of spring /lift of valve +i. . . . 
ee Weight r > valve complete with 0-50 Ib. Valve t rockers + (with bear 
ins Camshaft |} "2 | 10:38] to-28| I-40 
k-case. | Piston. .. 0-16 Ib. aft : ° . 
| casi | ane -) ~~ Oe Camshaft casing complete.:|. 1 | 34-50 | 34-60| 4-74 
Inlet valve closes ie .. 80 deg. late. ene ee Pa > ‘ 1 2-69 2-69 0-36 
nt. : Period of induction .. .. 220 deg. ertical camshaft dr me 
Copper .. .. ... .. ..| Peo | P°5.G7"* | Inlet valve tappet clearance .. 0-26 mm. (0-01 in.). spindle (complete) ..| 1 6-81| 6-81| 0-93 
Zinc nts ~ 6-61 1°33 Ex vr it Vertical spindle housing 1 1-62 1-62 0-22 
Sc. ghe iad mide. cine! aed 2-21 Number per cylinder .. .. Two. Grankeonse ton tat “| 3 | s07-00 | 107-00 | 30-68 
I Gen iesy: 5 198 peen* so aaa 0-52 Largest diameter . 48 mm. (1-89 in.). Guanieanes’ tebtem helt 1 | 73-50 | 78-60 | 10-00 
Iron oe ee ae ae 2-06 1-32 Effective valve pot diameter .. 44 mm. = 1-73 in. Bearing ca 7 2-27 | 15-93 2-19 
ee Ge ole ee 0-02 Trace Width of seating . > 2-5 mm. (0-09 in.). —— Ps 7 ; 7 
Nickel Nil Angle of ti 45 de Main holding-down ‘bolts ~ 14 0-75 10-50 1-44 
esium hay put Oey na 0-29 Liftof valve -. 1.2. 10-16' mm. (0-40 in.). Thrust race, complete 2 5-38) 5:38) Ors 
Aluminium (by digerence) 1.  ..| 87-76 36-66 Diameter of stem.. .. .. 10mm. (0-39 in.). Propeller hub i Be es le 
Length of valve guide 68 mm. (2-67 in.). Carburettors 1 24-06 24-06 3-30 
Overall length of valve |. 1.135 mm. (5-815 in.). Hahiust Pipes 2 | £8 Fe ee 
(3) Bearings. Number of springs per valve .. One. Oil Ae -_ 1 11-81 | 11-81 1-62 
Free length of spring 60 mm. (2-36 in.). . 4 ‘ 
Vv » of e rine - ition (no 46 mm. (1-81 in.) oil ww = with relief valve. 1 4°56 4 0-62 
av Journal | Big-End | Camshaft Bion Nol —— a 7 . - Magr tos Seg’ leads) with 2 | 14:37] 28-75] 3-94 
Bearings. | Bearings. | Bearings. Bearings. me. diameter of coils .. .. 84mm. (1-34 in.). a - jon leads w 1 4°75 4-75 0-65 
» . Ratio length of sping it of valye os _ = ond thavtiie con 1 2-12 2-12 0-29 
per cent. | per cent. | per cent. r cent. Weight of valve complete with 0-50 Ib. te " 7-62 . ‘ 
Copper.. ..| 6-70 5-10 87-51. | 96-29 spring . Waser tines sce (Ral 6 RE 9 He 
ae oe oe — 0-28 Trace Weight of spring bare .. .. 0-16 Ib. py soll + 1-62] 1-62 | 0-22 
Tin ve --| 81-13 81-42 11-34 2-52 Exhaust valve opens... .. 46 deg. early. Rev. counter drive 1 0-75 0-75 0-10 
Iead.. oe 0-71 1-64 0-17 0-28 Exhaust valve closes. . .. 7 deg. late. Gun gear with case. 1 5-81 5-81 0-80 
Antimony ++} 12-00 12-00 _ — Period of exhaust - 282 deg. Misce ody ~ rts 1 28-09 | 28-09 3-85 
Manganese oe —— a Nil 0-21 Exhaust valve tappet cle arance . 0-304 mm. (0-012 in.). " oe bs 
—- ot = or 0-35 0-07 | sumtin Feress, Rearing Leads, be Total — | — | 728-60 | 100-00 
oe FP = 0-17 0-13 Weight of piston complete with 4-18 Ib 
Phosphoras ante ise | 0-05 | — | am cod gntmen-g : . 
| wae = sq. in. = od area p> ag Big-end bearing, type .. ée _—-. shell, lined white 
- Weight of connecting rod com- 4-84 Ib. metal. 
(4) Mechanical Tests. cate 7 Big-end bearing, diameter .. 56mm. (2-20 my 
: : m | Weight of reciprocating part of 1-66 Ib. Big-end bearing, length (actual) 67 mm. (2-63 in.). 
a & & ac | connecting rod Big-end bearing, length (effective) 58 mm. (2-28 ip.). 
a » ee s o| wel] 46] oe Total reciprocating weight per 5-84 Ib. Big-end bearing, projected area.. 28-4 sq. cm. (5-02 sq in.). 
Position. ~ 1c] F |aV@ | a@| s8/s8] 32 | cylinder Ratio piston area/projected area, 4-42: 1. 
= ml ealpelss aslas| ae | Weight per sq. in. of piston area 0-263 Ib. big-end bearing 
e e ee &| 22) 4 Length of connecting rod (centres) 315 —_. (12-40 in.). -Number of big-end bolts -. Four. 
| < = = |  Ratioconnectingrod/crankthrow 3-6: Full diameter of bolts .. 10 mm. (0-39 in.). 
| Inertia lb. per sq. in. piston area 63- Ib. per sq. in. = — area, bot- 2° 04 sq. cm, (0- 816 8q. in.) 
t t' m of threa 
a 4 2 [0-002 66-7) 75-1/13-33) 57-4 — Inertia to. per sq. in. piston area 36-2 Ib. per sq. in. Pitch of threads. seals 1-6 metric. 
: ee ee ee *d| bottom centre mum ue to inertia at 1, . 
= - > ; S-6s8 7 72-5 15°65 50-6 i | Inertia Ib. per sq. in. piston area 25 Ib. per sq. in. ie 10m ai ae a eal 
Web longitude | E | 5 |0-005| 71-6| 75-8|10-0 oH — Weight of rotating mass of con- 3-18 lb. 1,600 r.p.m. : . 
Web longitude | F |6| —/} —/ —| —| — 7-5 necting rod Load due to centrifugal force at 370 Ib. 
Web transverse | G | 7 |0-005} 72-9] 74-5] 7-78) 25-1] — Total centrifugal pressure €10 Ib. 1,400 r.p.m 
Web transverse | H |} 8| —| —| —| —| — HY -. Centrifugal pressure Ib. persq.in. 27-5 Ib. per sq. in. Losd due to centrifugal force at 485 Ib. 
5 iston area T.p.m. 
| Mean average fluid pressure in- 47 Ib. per sq. in. Total ne on parte * iio r.p.n. ; 25300 i . 
a — cluding compression ‘ota on a rpm. 2, 
. Mean average loading on crank- 91 Ib. per sq. in. Stress per sq. in. at 1400 r.p.m... 5,570 lb. per sq. in. 
Total swept volume of engine .. ag Fa em. (916-8 pin bearing, total bang all oy Stress yoree, in. at 1,600 r.p.m... 7, 280 Ib. per sq. in. 
Clearance volume of meray get ng die inate 6 Crankshaft— 
p nanan ti —_* one be rare tt a, 1 en. em. (38 cub. in.) ott i. re _—, 56 mm. (2-20 in.) Number and type of main bear- Seven, bronze cage, lined 
Normal b.h.p. and speed = B00 hol at 1.400 r.p.m. iiaeaua 6 lS are ings white metal. 
Maximum ditto .. :. 222 b.h.p. at 1,600 r.p.m. Effectie projected ares of big- 32-4 9q. cm. (6-02 0q. in.),| CYlimdercentres .. .. —... 108 mam. (6-68 dm.), 
Normal B.M.E.P. -- «+ 123-3 Ib. per sq. in. at ond heoling g- 32-4 sq. cm. = ee Crank. , ae 3 ih 
J r.p.m. ww aie Ou le meter ae ee mm. (2- in.). 
Maximum ditto vs vs 198°5 Ibe per q. in. at Ratio piston area [protected pre Moye jp Inside diameter... :-<. 30 mm. (1-18 in. 
1,300 r.p.m. oe oe oe oe mm. (2- n.). 
Piston speed 1,607 ft. pet ete Mesa rea loading on big-end 402 Ib. per sq. in. Pree 
echanical efficiency (calculated) 89-7 per cent. Load facto ft. sec. Outside diameter .. 58 mm. (2-28 in. 
Indicated mean pressure (calou- 137-5 tb. per 8q. in. : wastes on Mipeed tenting... SAAD em Inside diameter (front two) |. 21 mm. (0-82 in % 
lated) Cylinders- - Inside diameter (others) .. 30mm (1-18 in 
Fuel consumption per b.h.p.-hour 0-555 pint = 0-499 Ib. Overall rong of bare cylinder 365 mm. (14-370 in.). Length, prop. end :) 66 mm. (2-20 jn. ). 
Brake thermal efficiency .. 27-4 per cent. from top of base chamber Length, rear end . ow -. 48-5 mm. (1-71 in.). 
Indicated thermal efficiency .. 30- . per cent. Depth of spigot at bene ofcylinder 15 mm. (0-590 a Length, centre ; ¥ *: 60 mm. (1-97 in.). 
hr mr ee os -- , 47-5 per cent. my of cylinder over water 160 mm. (6-29 in.). Length, intermediate :. 50 mm, (1-97 in.). 
ve efficiency 64-4 per cent. acke 
Cub. in. of swept volume per 4:58 3 Op. in. Thickness of flange at base of 11 mm. (0-433 in.). Crank Webs— 
b.b.p cylinder Width .. e+ 74mm, (2-91 in.). 
Sq. in. of piston area per b.h.p... 0-665 sq. in. Number of holding-down bolts Eight. ——- tront ¢ soo) She of? SS eae 
H.P. = cub. ft. of stroke volume 377-3 b. -p. per cylinder Refius et enés of journals andl 4-6 fm. (0-17 in.). 
= -P. per sq. ft. of = area .. 216-6 b.h.p. Diameter of holding-down studs 4 of 14mm. 4 of 19 mm. crank-pins 
ction ot rolatlon of cranik- Anti-clocwise pg aa gL Weight of complete shaft. 98-51 
Direction of rotation of propeller Ditto. chamber wal Working Clearances— 
a x. of gear reduction to pro- None. a of erlinder barrel (top {uen. O:i%s - oa oy aoe en oe (total) ».; . 0-42 am, ye 
ickness of . (0- - total 
Ratio crankshaft speed/propeller 1:1. centre) “ Side clearance of ing rod 2-50 mm, (0-098 ink 
speed Thickness of cylinder barrel 4 mm. (0-157 in.). in piston (total) 
Type of valve gear - .. Overhead camshaft. (bottom) Side clearance of connecting rod 1mm. (0-089 in.). 
Type of starting gear .. .. Compression release. Diameter of water connections 36 mm. (1-42 in.). on crank-pin (total) 
larburettors— between cylinders gre oe of crankshaft in 2 mm. (0-079 in.). 
Number and type of carburetors One dual Austro-Daimler. | Piston— “ . 
Diameter of bind tube . .. 24mm. (0-945 in.). —_ Type of piston .. os .. Aluminium ; internal ribs. | Lubrication System— 
Bore of main jets. . es .. 35 c.c. through per min. Diameter at top .. . .. 184mm. (5-275 in.). to and type of ofl pumps .. One plunger. 
Bore of pilot eS .. 5-8 cc. thro r min. Diameter at bottom we! .. 134-58 mm. (5-297 in.). consumption per 7 pints. 
Fuel consumption per hour es {poe = ito fb. le ee es es -» 110-5 mm. (4-36 in.). oll consumption per b.h » -hour 0-035 pint = 0-039 1b. 
Fuel consumption per b.h.p.-hour 555 pint = 0-499 Ib. Ratio, piston length cylinder bore 0-82: 1. Oil re ee ° -» 5 Tb. persq. in. 
Number of rings per — .. Three. on perature .. -. 50 deg. C. 
Gas Velocities, Valve Area, &c.— Position of rings - Above podgec — specie g gravity rie essai 0-208. 
Ww f rit $e mm. (0- D.). pump 6 cra: 215. 
Induction pi pipe 59 mm. 2-32 in.). Seat tae cylinder.. .. 0- aan. (0-019 in.). speed ’ 
Inlet deny = aunt effective valve 1-73 in.). Connecting Rod— Ignition— 
between centres 315 mm. (12-40 in.). "Tessbes and type of magnetos .. Two Bosch Z.H4. 
I Fe and exhaust cylinder ports 42 mm. (1-65 in.). connecting rod /crank throw 3-6:1. Fisting sequence of engine .. Prop. 1-5-8-6-2-4. 
Little end bearing, t .. Plain phosphor-bronze. Igni timing (fully advanced) 20 . E. to 40 deg, E 
‘Cross-Sectional Areas— Little-end bearing, diameter .. 28mm. (1°10 e} variable. 
Induction pipe... «. 27°33 sq. em. (4-228q.in.).| Little-end bearing, } 67 mm. (2-64 in.). Number of plugs per cylinder .. Two. 
Inlet valve (x d h) - se 18-69 sq. em. (2-12.sq.in.).| Little-end bearing, projected area 18-70 sq. em. (2°90 8q. in.). Type of plugs Bosch 3 point. 
Exhaust valve (w dh) -« 14-05sq. cm. 3-18 sq. in.) Ratio piston area/projected area, 7-6: 1. Ratio yaagneto speed /crankshaft 1-5: 1. 
Exhaust branch pipes . 38-25 sq. em. (5-92 sq. in.) little-end bearing speed 
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Cooling Syst em— 


Number and type of water pumps One centrifugal. 
Diameter of inlet pire ve .. 86mm. (1-42 in.). 
Diameter of outlet pipe .. .. 86mm. (1-42 in.). 


Diameter of rotor 112 mm. (4-40 in.). 


Number and type of radiators .. One Honeycomb. 
Ratio water pump speed/engine 1-894: 1. 

Water temperature inlet 54-5 deg. C. 
Water temperature outlet 60 deg. C. 


Air Pump— 
Type of air pump Cam-operated plunger. 
Bore ae ve 38 mm. (1-496 in.). 


Weights— 
Weight of complete engine, dry, 


728-5 Ib. 
with aaa boss and exhaust 
manifol 
Weight per b.h.p. ditto .. 3-64 Ib. 
Weight of fuel per hour .. 100 Ib. 
Weight of oil perhour .. .. 7°86 1b. 
Total weight of fuel and oil per 107-86 lb. 
hour 
Gross weight of engine in running 858-50 Ib. 
order, less fuel and oil (cooling 
system at 0-65 Ib. oy b.h.p.) 
weight per b.h.p. ditto .. -. 4°29 1b. 
Gross weight of neinrunning 1,570 -4 1b. 
order, with fuel and oil for 6 
hours’ running (tankage at 10 
per cent. weight of fuel and oil) 
Weight per b.h.p. ee -. 7°85 Ib. 
Overall Dimensions—. 
Height wie ae 1,150 mm. 
Length J 1,724 mm. 
Width 568 mm 





THE STANDARDISATION OF TESTS FOR 
REFRACTORY MATERIALS.* 


Communicated, with an Introduction, by Cosmo Jouns, 
F.G.8., M.I.Mech.E. 


INTRODUCTION. 


Prooress in the improvement of refractory materials 
can only be slow and uncertain if the only available test 
of their efficiency is that of behaviour under service 
conditions. This must, of course, be the final and 
conclusive test, but the use of refractory materials for 
metallurgical and other structures can only be said to be 
placed on a scientific basis when their desired properties 
can be specified and tested in measurable quantities. 
This involves a knowledge of methods of testing, and in 
the case of transactions between the maker and user 
there should be agreement as to the methods of testing 
to be employed. 

In the gas industries considerable a ae has been 
made, and specifications have been drawn up for the 

rincipal refractories employed. In the present state of 
lnowietee this is not possible for the more exacti 
requirements of metallurgical structures where muc 
higher temperatures obtain and corrosive slags and 
dust-laden gases moving at considerable velocities add 
to the difficulties of the metallurgical engineer. Before 
this can be achieved for the iron and steel industries 
much more must be done in measuring the.properties of 
the various materials available. In order that this 
might be facilitated a committee} was appointed to draw 
up a report on the Standardisation of Tests for Refractory 

aterials ty the Refractories Section of the Ceramic 
Society. Their report was adopted at the Sheffield 
meeting of the Section, with a recommendation that it 
should be submitted to the Iron and Steel Institute for 
discussion and criticism. 'The report now appears as an 
appendix to this communication with the object of 
enabling the members int ted to criticise, approve, 
or to su revisions where their experience indicates 
the desirability. 

The methed suggested for the analysis of the acidic 
materials is well known, and it is not expected that any 

sted, but there is a feeling that the 








revision will be su, 
method given for the analysis of dolomite and magnesite 
might possibly be susceptible of useful revision. Any 
constructive criticism in that direction would receive 
careful consideration by the committee. The ultimate 
analysis of any refractory material is, however, of but 
limited value, for refractories used in industrial opera- 
tions are never pure substances, and it is the concentra- 
tion of certain constituents that largely determine the 
refractory value of the material, Hence it is largely in 
the direction of physical testa that we must look when 
we desire to determine the suitability of refractories 
for the purpose intended. The leading manufacturers 
have paid considerable attention of late to these methods, 
and a large amount of data is being accumulated. It is 
very desirable that users, especially those operating on a 
large scale, should, having regard to the importance 
of the subject, interest themselves in the problem. 
The failure, or shortened life, of a metallurgical structure 
such as @ blast-furnace, coke-oven, or open-hearth 
furnace, owing to unexpected variations in the quality 
of the refractory materials employed, is a serious matter, 
and the consequential losses are out of all proportion to 
variation in the cost of the refractories themselves. 
The en gree tests described in the appendix are 
simple, but they require, if the results obtained are to be 
comparable with those of other workers, the use of 
suitable apparatus and a knowledge of the principles 
involved. In the case of silica and siliceous bricks 
it is sometimes useful to know the particular form in 
which the silica occurs. The method described by 





* Paper read before the Iron and Steel Institute. 

+The members were Professor Cobb, Dr. H. G. 
Colman, Major C. W. Thomas, Messrs. F. H. Brooke, 
W. J. Brooke, A. Cliffe, J. Allen Howe, Cosmo Johns, 
W. J. Jones, B. Moore, D. J. Pinkerton, W. J. Rees, and 
Dr. J. W. Meller, hon. secretary. 


Dr. Thomas is the only reliable one available. Less 
reliable methods are probably responsible for the con- 
tradictory determinations recorded in the literature of 
the silica minerals. It is questionable, however, whether 
a determination of the quartz, tridymite and cristobalite 
ratio in a silica brick would, in the present state of 
knowledge, enable us definitely to attribute a figure of 
merit to the brick under investigation. 

The porosity, shrinkage, and tensile strength tests 
require no comments, but the determination of the 
volume ¢ s, normal refractoriness, and crushing 
strength at high temperatures, involves the important 
question of temperature determinations and the rate 
of heating employed. The committee recommend, in 
each test, the use of Seger cones, and state explicitly the 
desired rate of heating. Seger cones, like the materials 
under test, have no distinct fusion-point, but a con- 
siderable softening range. A silica brick does not fail 
by complete fusion of the overheated portion, but by 
the selective fusion of the matrix, in which the larger 
silica fragments may be observed unaltered. In the 
course of normal wear the heated surface becomes almost 
homogeneous at the high temperature employed, both 
matrix and aggregate having formed a solution. In most 
refractory materials it is the refractoriness of the matrix 
or bond that determines its usefulness. As the tempera- 
ture at which failure occurs depends on the rate of 
heating, this factor requires careful attention. In the 
cone of amma refractoriness the weight of opinion leans 
to the use of Seger cones as temperature indicators, but 
expressing the refractoriness in Seger cone numbers and 
employing a defined rate of heating. The present writer 
has, however, suggested that in the refractory test under 
load, having regard to the extreme value of the data 
sought for, the actual temperature should be determined. 
The data required are expressed as the strain under a 
particular stress at a definite temperature, and for this 
the use of pyrometers would be necessary. The same 
might be urged for determining the thermal or reversible 
expansion. We have here obvious cases where there is 
room for differences of opinion, and constructive criticism 
would be welcomed. 

The appendix is Part I only of the report, Part IT 
being still under consideration. Eventually it is hoped 
that knowledge will have progressed sufficiently for the 
drawing up of specifications for the more important 
retractory materials used in the iron and steel industries 
tobe undertaken. Such specifications, when agreed upon 
and based on exact methods of testing, would be wel- 
comed by the leading makers, but their preparation will 
be a matter of considerable labour, and will require the 
closest association of qualified representatives of both 
users and makers of refractory materials and the assist- 
ance of experienced workers who have specialised in the 
scientific side of the subject. Most fortunate would 
it be if this could be done under the auspices of a National 
Association for Refractory Research in which this 
Institute was represented. 


APPENDIX. 
PROVISIONAL SPECIFICATION. 

Standard Methods of Testing Refractory Materials. 
Prepared by a committee of the Refractories Section of 
the Ceramic Society. 

The purpose of the present report is to draw up a 
standard scheme for conducting tests on refractory 
materials. This should be a prelude to a specification 
of tests which particular types of refractory material 
should withstand when used in a particular furnace or in 
& particular part of afurnace. The Refractory Materials 
Committee of the Institution of Gas Engineers has laid 
the foundation for specification work, and it became 
obvious to that Committee, as the building progressed, 
that attention should also be directed to the mode of 
testing the materials in order that comparable results 
should be obtained by maker and user. That committee 
has kindly given permission to use such of their data 
as are comsilens’ necessary for the present report. In 
spite of the greatest care, it is anticipated that this 
provisional report will have all the blemishes which 
eo to first attempts at standardisation, but it is 

oped that as experience grows the defects will be 
eliminated, and weakness strengthened by earnest 
criticism. 

Two types of tests are available, namely, those which 
allow the results to be expressed precisely as a definite 
number, and those in which the results can be expressed 
only in less definite or in vague terms. For example, the 
differences in the action of different types of flue dust 
cannot be expressed by number, and a series of com- 
parative terms have to be employed, which have more 
or less a personal significance. Many useful ‘homely ”’ 
tests are not suited for comparative measurement, and 
consequently are not suited for standardised tests. 
Such tests have to be excluded from a report on standard 
methods of testing as a preliminary to specification work. 
The tests are not necessarily intended for checking the 
materials in a fireclay works, since that is the private 
business of the firm itself. For example, a mere deter- 
mination of the loss on ignition of a dried clay may 
suffice to show whether the clay and grog have been 
mixed in the right proportions; and the treatment of 
silica material with hydrofluoric and — acids may 
also suffice for checking the mixing. any case, the 
final product should satisfy the specification when tested 
according to standard processes. 


1. Tae ANALtyYsis oF Frrectays, Raw GaANIsTERS, 
QuarrTosse Rooxs, aND MANUFACTURED PRopUCcTS. 


It is scarcely possible to over-emphasise the importance 
of getting a fair average or representative sample of all 





materials for analysis or testing. 
Determination of Hygroscopic Moisture—About 5 





grammes of the finely-ground clay are dried in a toluene 
oven or air-bath maintained at 110 deg. until there is 
no further loss in weight—3 hours to 4 hours is usually 
sufficient. . 

Determination of the Loss on Ignition.—About 1 gramme 
of the dry clay is heated in a platinum crucible, first 
over a small flame, then over a Méker or Teclu burner, 
and finally over a blowpipe flame for about 20 minutes. 
The crucible is allowed to cool in a desiccator and weighed. 
The crucible and contents are again heated over the 
blowpipe flame for 5 minutes, cooled, and weighed. Low 
results are usually due to the incomplete combustion of 
the carbon ; high results may be due to losses by spurting 
produced by heating too rapidly.* 

Determination of Silica..—'The ignited clay in the 
platinum crucible is intimately mixed with 10 grammes 
to 15 mmes of sodium carbonate. The mixture is 

ntly heated over a Méker or Teclu burner, and finally 
‘used at a bright red heat for 30 minutes for firebricks, 
and 15 minutes to 20 minutes for fireclays or silica 
materials, or until the contents of the crucible are in a 
state of quiet fusion. The red-hot crucible ie dipped 
in water to about two-thirds of its depth in order to 
solidify the contents rapidly. The is extracted 
with as small an amount of water as possible, and the 
washi collected in a 250-c.c. basin—the cake will 
probably be detached from the crucible by this treatment, 
and is transferred to the basin. The basin is almost 
covered with a clock-glass, and 30 c.c. to 35 c.c. of 
concentrated hydrochloric acid are run into the basin ; 
the covered basin is kept warm on a water bath until all 
action has subsided and the cake has disintegrated, 
and any large pieces which remain are crushed into 
powder with a small agate pestle. The platinum 
crucible and lid are washed with hydrochloric acid and 
hot water, and the washings poured into the basin. 
The solution is evaporated to d ss, and the contents 
heated in an air oven at 110 deg. untildry. The mass is 
moistened with concentrated hydrochloric acid, 60 c.c. 
to 70 c.c. of hot water added and the liquid filtered ; 
the precipitate is washed with hot water until free from 
chlorides. The filtrate is returned to the basin, 
evaporated to dryness, and the mass is heated as before 
until it is free from hydrochloric acid. The residue is 
again digested with hydrochloric acid and about 60 c.c. 
to 70 c.c. of hot water, filtered, and the residue washed 
with hot water until free from chlorides. 

The two filter papers are transterred to a weighed 

latinum crucible, and charred slowly without flame. 

he carbon is burnt off slowly, and the crucible and its 
contents heated over the blowpipe for 15 minutes with 
the lid off, and then 5 minutes with the lid in position. 
The result is entered as “‘ uncorrected weight of crucible 
plus silica.”” The silica contains small quantities of the 
oxides of titanium, phosphorus, aluminium, and iron. 
5 c.c. of water are added to the crucible together with 
a few drops of concentrated sulphuric acid in order to 
prevent the subsequent volatilisation of titanic fluoride. 
About 15 c.c. of hydrofluoric acid are carefully added 
a few drops at a time. The solution is cautiously 
evaporated to dryness on a sand bath. The outside of 
the crucible is freed from sand, the crucible ignited 
over a burner for 5 minutes and weighed when cool. 
The result is entered as ‘‘ weight of crucible + residue.” 
Later the alumina is ignited. together with the silica 
residue, in the same crucible. 

The A ia Precipitate——From 2 grammes to 
3 grammes of solid ammonium chloride and an excess of 
ammonia are added to the hot filtrate (80 deg. to 90 deg.) 
from the silica, and the solution filtered immediately. 
The precipitate is washed immediately two or three 
times with hot water, a hole made in the filter paper, and 
the precipitate washed back into the beaker from which 
it has just been filtered. The precipitate is redissolved 
in a slight excess of hydrochloric acid, and the filter 
paper is washed until free from chlorides with hot water 
and kept for ignition later. The combined filtrates are 
heated to 80 deg. to 90 deg., an excess of ammonia 
solution is added, the liquid filtered into the beaker 
previously used, and the precipitate washed free from 
chlorides by means of a slightly alkaline solution of 
ammonium nitrate (made by mixing 5 c.c. of concen- 
trated nitric acid with water, adding ammonia until 
alkaline, and making the solution up to a litre), care 
being taken that the alumina precipitate does not at any 
time becomedry. The combined filtrates are evaporated 
to about 100 c.c., and, whilst still hot, 2 c.c. to 3 c.c. of 
ammonia are added. The liquid is filtered, and the 
precipitate washed free from chlorides with hot 
ammonium nitrate solution. The filtrate is reserved for 
the determination of lime and magnesia. <i 

The three filter papers containing the “alumina” 
precipitate are dried in the platinum crucible containing 
the silica residue; the crucible is heated very slowly 
until the paper is charred, and the temperature raised 
until all the carbon is burnt off, finally heating for 
15 minutes over a Méker burner. After weighing, the 
ammonia precipitate is very slowly dissolved by fusing 
with 5 mmes to 6 grammes of f potassium bi- or 
pyro-sulphate. The cold cake is transferred to a basin 
with about 150 c.c. of water, and 10 c.c. of concentrated 
sulphuric acid are added. The mixture is heated on a 
water bath until dissolved and made up to 250c.e. This 
solution is retained for determination of the iron and 
titanium. ; 

Notes.—(a) If the clay contains manganese, 2 c.c. or 
3 c.c. of bromine water are added to the solution before 
the ammonia precipitation, and the liquid filtered as 
usual. In the second precipitation 1 c.c. or 2 ¢.c. of 
bromine water are again added, and the same procedure 
followed as above described. 








* When many determinations have to be made, the 
ignition of precipitates is conveniently done in a muffle 
at a suitably high temperature. 
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(6) In the case of a silica brick (containing over 92 aed 
cent. of silica), where the ammonia precipitate is below 
5 per cent., only a slight excess of ammonia is added to 
the washings from the silica, and the excess boiled off. 
The liquid is filtered and the precipitate washed with 
ammonium nitrate solution as rapidly as possible. 
One precipitation only is necessary. 

Determination of Ferric Oxide.—A colorimetric process 
is used for materials which ignite to a white and buff 
colour; the ordinary pe: mate process for those 
which give deeper colours. e colour of the sample 
in the crucible after it has been heated for “‘loss on 
ignition ”’ is a we criterion to determine which process 
is the better. 
by fusing the ammonia precipitate with pyrosulphate 
is made up to 250c.c. 25.c.c. are sufficient for a normal 
clay containing not more than 1 per cent. of ferric oxide. 
5 c.c. of standard iron solution (see below) are made up 
to 100 c.c. with distilled water. The latter solution is 
transferred to a burette reading to 0-05 c.c., and another 
burette is filled with distilled water. Two similar glasses 
are now a. test glasses of a colorimeter can 
be used. Specimen glasses with parallel sides—about 
3 cm. square and 8 cm. high—serve excellently. 
mixture of 10 c.c. of the solution to be tested with 10 c.c. 
of potassium thiocyanate solution is made in one test 
glass, and in the other a mixture of 10 c.c. of a solution 
of potash alum with 10 c.c. of thiocyanate solution. The 
tints are viewed by light transmitted through the parallel 
sides of the glasses. The standard iron solution is added 
to the test glass with the potash alum solution, and an 
equivalent amount of distilled water to the other, 
stirring thoroughly after each addition. When the 
tints of the liquids in the two test glasses are the same 
the amount of iron oxide in the sample can be computed. 

Example.—Using 1 gramme of clay and the above- 
mentioned dilutions the percentage of Fe20; is given by 
Va, where V represents the number of c.c. of iron 
solution used ; if w grammes of clay be taken and v c.c. 
of the pyro-fusion solution be diluted to 250 c.c. the 
percentage of FeO; is 25 V/8v.w. 

For materials containing larger amounts of iron, the 
pyrosulphate fusion is made up to about 150 c.c., and 
20 c.c. of concentrated sulphuric acid employed. If the 
titanic oxide is to be ignored the solution can be reduced 
with purified zinc (about 10 grammes) until a drop gives 
no reddish-brown coloration with potassium thiocyanate. 


suitable amount of the solution obtained | 





—_— solution are diluted to 100 c.c. the percentage is 


(10 + v) 
The weights of ferric oxide and titanic oxide in the 
ia precipitate have now been determined, and if 
these are subtracted from the total weight of this pre- 
cipitate the difference will represent the weight of the 
alumina in the given sample. 

Standard Titanium Solution—1 gramme of pure 
titanic oxide is fused with 10 grammes potassium pyro- 
sulphate, the cold cake extracted with cold water, and 
the 10 c.c. of concentrated sulphuric acid added. After 
dissolving at as low a temperature as possible the solution 
is made up to 1 litre ; 1 c.c. = 0-001 gramme of TiO. 

Determination of Lime.—The filtrate from the ammonia 
precipitate is boiled with 1 gramme to 3 grammes of 
ammonium oxalate, and 5 c.c. to 10 c.c. of concentrated 
ammonia solution are added. The solution is agitated 
and allowed to stand on the water bath for 2 hours. 
The liquid is filtered, the precipitate washed once (the 
filtrate is reserved for the determination of ia), 
a hole made in the filter paper, and the precipitate washed 
into the beaker from which it has been filtered; the 
precipitate is redissolved in nitric acid and ammonium 





| oxalate and ammonia are added to the boiling solution 


| 
| 





| 


as before. The liquid is allowed to stand 2 hours to 
3 hours, filtered, and the sey itate washed free from 
chlorides with hot water. e dry precipitate is ignited 
in a weighed platinum crucib e@ ignition is con- 
ducted slowly at first, and finally over a blast until the 
weight. is constant—about 15 minutes is ample. The lid 
should be placed on the crucible for the last 5 minutes. 
The crucible is weighed rapidly when cool. 
Determination of Magnesia.—1 gramme to 2 grammes 
of sodium ammonium phosphate are added to the first 
filtrate from the ammanium oxalate ape er and 
the mixture boiled whilst covered with a clock glass. 
10 c.c. of concentrated ammonia are added, and the 
mixture allowed to stand for at least 3 hours. The 
mixture is stirred vigorously when cold, filtered, and the 
precipitate washed once with cold water, rejecting the 
filtrate. A hole is made in the filter paper, the pre- 
cipitate washed into the beaker from which it has been 
filtered, and the ammonium magnesium phosphate re- 
dissolved in nitric acid. The solution is heated to boiling. 
1 gramme to 2 grammes of sodium ammonium phosphate 
and 10c.c, to 15c.c. of concentrated ammonia are added, 





The reduced solution is then diluted to 250 c.c., and | and the mixture allowed to stand for 2 hours. The cold 


titrated with standard 
usual manner. 

If the titanic oxide is to be determined, the solution is 
to be reduced with sulphur dioxide or ammonium or 


potassium permanganate in the | mixture is thoroughly stirred, filtered through # w 


| 


ighed 
Gooch crucible, and the precipitate washed tees Toous 
soluble phosphates with cold ammonia solution (1 : 8). 
The dry precipitate is ignited, cooled and weighed as 


crucible and contents are then dried at 120 deg. for about 
45 minutes and weighed. The weight of the precipitate 
represents potassium perchlorate, this is lated to 
potassium chloride, and substracted from the weight of 
the mixed chlorides to give the weight of sodium chloride. 
The corresponding amounts of potash and soda are then 
computed. 

Notes.—(a) The first precipitate should be well washed, 
particularly if the amount of alkali is large. 

(6) The first ignition must not be above 700 d 
subsequent ignitions should not exceed a faint 
or alkalies will be lost by volatilisation. 

(c) The last washing should be made with ammonium 
carbonate solution, or the result will be too high. 

(d) P lain or platinum vessels should be used for 
the evaporations. Glass vessels are objectionable. 

Ammonium Carbonate Solution.—100 grammes of 
ammonium -:arbonate are dissolved in 100 c.c, of con- 
centrated ammonia (0-880), and the solution made up 
to 500 c.c. with water. 

For “Sulphur” see next analyses. The sulphur 
determination in firebricks is only useful in special cases, 
since a large proportion is often obtained by a tion 
from flue gases. As a result the interior of the brick 
might show | per cent. and the marginal layers between 
1 per cent. and 2 per cent. 


+ and 
heat, 





II. Anatysis or DoLomITE AND MAGNESITE. 


With the analysis of dolomite and magnesite bricks 
some slight modification of a clay analysis is 
to prevent contamination of the various precipitates 
with calcium and magnesium compounds. 

Hygroscopic Moisture.—(See . 

Loss on Ignition.—This is conducted as described for 
clays and firebricks, but the ignition over a blast burner 
should be prolo: for another 10 minutes in order to 
ensure complete decomposition of the carbonates. 
hygroscopic properties of calcium and magnesium oxides 
should be borne in mind when cooling and weighing 
the mye sample. It must be observed that porcelain 
crucibles of inferior — having soft glazes are easily 
attacked by these materials. 


ramme of the finely- 
ground material is mixed with oben 10 grammes of dry 
sodium carbonate in a platinum crucible, and gradually 
heated until the mixture fuses; the contents of the 
crucible are maintained im a fused condition (with 
continual agitation) for about half an hour, or, in the 
case of nesite bricks, for 45 minutes, as the latter 
are very d lt to decompose. 

For the dissolution, evaporation and filtration of the 


sodium bisulphite. The solution under treatment should | hosphate. 
be acidified with sulphuric acid (1:1). Add a con-\ Soa, tom of Albalies ele etl pails oak 
centrated solution of ammonium bisulphite, and a, itate | “ er 


precipitate see clays. 
Determi 
| finely powdered dry clay is intimately mixed with about 


It is necessary to use an excess of acid in washing 


the mixture th hl a current of sulphur oh pee is i ae ¥en pora 
xtu oroughly ; or pass @ cu lo. ; ; 1 ti ysed a ing or 
dioxide from a ‘‘SO2 bomb” through the acid solution. | Daemon Beedle mary terry na Swe ww boili ant’ Gongubete per , oan ‘soluble 


Gradually raise the temperature of the solution A : ener : 
pe “ : to a platinum crucible, rinsing out the mortar with 
boiling, and, when a drop no longer gives a brownish-red : j qT A 

coloration with ammonium thiocyanate, the ferric oxide | another gramme of calcium carbonate. e crucible 


iling, oxide or a sparingly 
basic chloride remains with the silica. 
Since not more than 5 per cent. or 6 per cent. of silica 


is all reduced. To remove the excess of sulphurous acid 
place the flask on a sheet of asbestos on a tripod. Add 
15 c.c. of dilute sulphuric acid (1:1). Cover the flask 
with the gusleoused, lid of a Rose’s crucible. Pass a 
current of carbon dioxide at the rate of three or four 
bubbles per second through the solution. The carbon 
dioxide should be washed by passing it through a column 
of pumice, soaked in copper sulphate, and a water wash- 
bottle. The delivery tube passes through the hole in 
the cover of the flask. Meanwhile the is heated 
to the boiling point of the solution. The velocity of the 
carbon dioxide is then reduced to about one bubble per 
second. After 20 minutes to 50 minutes boiling the 
escaping steam will probably be free from sulphur 
dioxide, as shown by its failure to discolour a mercurous 
nitrate test paper. In that case, place the flask in a 
dish of cold water to cool, while the current of carbon 
dioxide still bubbles through the solution—one bubble 
per second. 

When cold, the contents of the flask can be titrated 
with a standard solution of potassium permanganate, 
as indicated below. The titanium oxide is not reduced 
by the treatment with ammonium bisulphite. 

Standard Iron Solution.—0-6302 gramme of ferric 
potassium alum is dissolved in water, 5 c.c. of con- 
centrated sulphuric acid added, and the solution made 
up to l litre. 1¢.c. = 0-0001 gramme of Fe20z3. 

Potassium Thiocyanate Solution —97 grammes of 
potassium thiocyanate per litre. 

Potash Alum Solution —0-05 gramme of aluminia 
(free from iron) are fused with 5 grammes of potassium 
4 fptewee sn the cold cake extracted with water, 10 c.c. 
of concentrated sulphuric acid added, and the solution 
made up to 1 litre. 

Determination of Titanium.—For the colorimetric 
determination of titanium similar test glasses to those 
employed for the iron determination are used. 50 c.c. 
of the solution of the cake from the pyrosulphate fusion 
are mixed with 7 c.c. to 8 c.c. of hydrogen peroxide 
(free from fluorides), and the solution made up to 100 c.c. 
5 c.c. of “standard titanium solution”? are mixed with 
5 c.c. of hydrogen peroxide, and the solution made u 
to 100 c.c. One of the test-glasses is about half- 
with the solution to be tested. 10 c.c. of the diluted 
standard titanium solution is pipetted into the glass and 
water added from a burette to the latter solution until 
the tints of the liquids in both glasses are similar. The 
tints are viewed by —_ transmitted through the 

glasses. 


parallel sides of the test 
_Hzample.—If 1 gramme of clay be taken and the 
dilutions given above employed the percentage of 
TiO is 25/(10 + v) where v is the volume of water added 
to the 10 c.c. of diluted standard titanium solution. 
When w grammes of clay are taken and V c.c. pyro- 


ignited at a dull 





and contents are heated over a small Bunsen flame for 
about 15 minutes. The lid is kept partly on the crucible 
whilst the ammonium chloride is being volatilised, then 
laced in position, and the crucible and contents heated 
or 1 hour, with the lower third of the crucible at a dull 
red heat, but not sufficiently high to melt the mass. 
The crucible is allowed to cool slowly, the cake is trans- 
ferred to a porcelain dish, and the crucible is thoroughly 
washed with hot distilled water. After qtanting 
2 minutes or 3 minutes, the cake in the dish is gently 
crushed to powder with an agate pestle. The mass is 
digested with 80 c.c. of water for 30 minutes, filtered, 
and the precipitate washed with hot water eight or nine 
times; the flitrate should occupy 100 c.c. to 150 c.c. 
The precipitate is rejected. 10 c.c. of ammonium 
carbonate (see later) are added to precipitate the lime 
from the boiling hot filtrate ; the liquid is filtered and 
the filtrate retained. A hole is made in the filter paper 
and the precipitate washed into the same beaker from 
which it was filtered, and dissolved in hydrochloric acid 
(about 5c.c.). The solution is boiled and a slight excess 
of ammonia and ammonium carbonate added, and the 
mixture is filtered into the same beaker as before. The 
solution is evaporated to dryness in a platinum basin 
and the dry residue ignited by gradually raising the 
temperature to faint redness in order to volatilise the 
ammonium salts. When cold, 3 c.c. of ammonium 
carbonate are added to the residue in order to Pegg v0 
the last traces of lime, the liquid covered with a clock 
glass, and allowed to stand overnight. The mixture is 
filtered into a small platinum dish; the precipitate is 
washed with a solution of ammonium carbonate, and the 
filtrate is again evaporated to dryness on a water bath. 
As the liquid tends to rt during the early stages of 
the evaporation, the basin is covered with a clock glass, 
and any liquid adhering to the glass is washed back into 
the basin. When dry the contents of the dish are 
moistened with a small amount of concentrated hydro- 
chloric acid and again evaporated. The residue is 
heat, cooled, and weighed; this 
residue is then washed out into a small porcelain dish 
and the platinum dish reheated and weighed. The 
difference in weight represents the alkali chlorides. 
The solution containing the alkali chlorides is poured 
into a small porcelain dish, and evaporated almost to 
dryness with perchloric acid, 10 c.c. of water added, 
and again evaporated almost to dryness. Six times the 
pea a of the mixed chlorides represents the number of 
cubic centimetres of 30 per cent. perchloric acid of specific 
gravity 1-20 to be used inthe test. The residue is treated 
with a mixture of 97 volumes of absolute alcohol, 
3 volumes of water, and 0-25 volumes of perchloric acid. 
The mixture is filtered at once through a weighed Gooch 
crucible, previousl heated to 120 deg., and the residue 
washed with the alcohol mixture indicated above. The 





is present in an average magnesite or dolomite, two 
—— are unnecessary to remove the whole of 


The precipitate of silica is ignited and weighed, and 
treated with hydrofluoric acid as described for clays. 

Determination of Alumina.—The filtrate from the 
silica is diluted to about 300 c.c., about 10 grammes of 
ammonium chloride and 2 c.c, to 3 c.c. of bromine are 
added, the solution heated to 80 deg. to 90 deg. C., then 
a slight excess of ammonia is ad and the solution 
heated for 5 minutes. 

(The bromine is added to precipitate the manganese.) 
Prolonged boiling, large excess of ammonia, and a too 
concentrated solution must be avoided, otherwise the 
alumina precipitate will be contaminated with much 

ia and lime. The precipitate is filtered and 
wonbed free from chlorides as described for clays. 

As a general rule, an ordinary dolomite or magnesite 
rarely contains more than 4 per cent. to 5 per cent. of 
aluminium and iron oxides, and if the above conditions 
are maintained two or more precipitations of the alumina 
are unnecessary. If, however, it is —— that some 

ia or lime has been pre , the tate 
is Cissolved in hydrochloric acid, the solution ited 
to 250 c.c., 7 grammes or 8 grammes of ammonium 
chloride and slight excess of ammonia are added, and 
the precipitate again filtered off and washed free from 
chlorides. The combined filtrates should now contain 
all the lime and ma ia. 

The alumina precipitate is now fanned in the crucible 
with the silica residue, weighed and fused with potassium 
bisulphate as described under ye 

Lime.—To the filtrate from the alumina precipitate 
(which solution should occupy about 300 c.c.) is added 
about 2 grammes of ammonium oxalate and the solution 
heated until the salt is dissolved; great excess of 
ammonium oxalate, too much heating and strong solu- 
tions must be avoided, or magnesia will be yon tee 
here. Allow to stand for 2 hours, filter issolve 
ay described for clays. Reprecipitate the lime with 
ammonium oxalate (2 g ), ta the precautions 
noted above. A second reprecipitation should always 
be made to ensure that all traces of magnesia have been 
removed from the lime precipitate. 

The precipitate, after washing free from soluble salts, 
is ignited in a platinum crucible and weighed as usual. 

agnesia.— reer oy peer: Rh wy the 
precipitates are concentrated to abont c.c.,5 grammes 
of pes sma ammonium phosphate are added, the solution 
is boiled for a few minutes and 10c.c. to 15c.c, of strong 
ammonia are added, then proceed with the precipitations 


“The be : recipi turall thorough 
. p tate na wante a ve 
ing with co ? i 


10 per cent. ammonia solution, and 
the precipitate should be ignited throughout to s tempera- 
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ture of not less than 800 deg. C. If too much ammonia 
or microcosmic salt be added, the ipitate will be 
contaminated with this salt, which is very difficult to 
remove by washing. 

Tron and Titanium Oxides are determined as for clays. 

and Sulphur.—For the determination of 
these elements a separate 1 gramme of the sample is 
fused with sodium carbonate as for the silica. A sulphur- 
free flame is advisable for fusions and evaporations. An 
asbestos board with the crucible fitted in a hole protects 
the contents of the crucible when coal gas is used for 
thefusion. The silica is removed as usual and the filtrate 
made up to, say, 500 c.c. and 250 c.c., taken for each 
determination. . 

The portion for sulphur is neutralised with ammonia, 
and then just acidified with strong hydrochloric acid, 
the solution heated to about 90deg. C. and a-hot solution 
of 2 grammes to 3 grammes of barium chloride in 15 c.c. 
of water is slowly added, with constant stirring. 

The solution, after standing 3 hours to 4 hours, is 
filtered through a small filter ee and the precipitate 
of barium sulphate washed free from chlorides with 
hot water. 

The precipitate is then ignited to a dull red heat, 
moistened with a drop of ae acid, again gently 
ignited, cooled and weighed, The sulphur is calculated 
as SO; by multiplying the weight of BaSO, by 0-343. 

The phosphorus is determined in the other 250 c.c. by 
frst neutralising the solution with ammonia, adding 
2 grammer of ammonium nitrate and 10 c.c. of strong 
nitric acid, heat: to about 89 deg. C. and a solution 
of @ gramme or 2 g of ium molybdate 
nitric acid, heating to about 80 deg. C., and a solution 
of a gramme or 2 grammes of ammonium molybdate 
in 15 c.c. of water is agided with constant stirring. The 
solution is allowed to stand 3 hours or 4 hours and 
filtered through a small filter paper. 

The precipitate is redissolved in ammonia. Add 
20 ¢.c. of ammonium nitrate solution and 1 c¢.c. ot 
ammonium molybdate to the ammoniacal solution of the 
ammonium phosphomolybdate first precipitated. Heat 
the solution at abovt 80 deg. until gas bubbles begin to 
form, and add 20 c.c. of hot 5 per cent. nitric acid 
gradually with constant stirring. ter standing 3 hours 
to 4 hours, filter through a Gooch’s crucible, and wash 
with the mixture previously employed until no brown 
coloration is produced when a drop of the filtrate is 
brought in contact with a solution of potassium ferro- 
cyanide. Dry the yellow precipitate and ignite it to 
a t 800 deg. C., and weigh as 24Mo003.P2,0;. This 
weight, multiplied by 0-0394, gives the weight of PoOs 
in half a gramme of the sample. 


(To be continued.) 








SCIENCE IN RELATION TO THE INDUSTRIES 
OF THE SWANSEA DISTRICT.* 
By Cosmo Jouns, F.G.8., M.I.Mech.E. 

By the Swansea district is meant the region extending 
from Kidwelly to Port Talbot, west to east, bounded on 
the north by the outcrop of the Basal Grit (i.e., the lowest 
beds of the Millstone Grit), and having the port of 
Swansea as its focus. This district forms a distinct 
industrial area, with excellent natural resources. The 
natural resources have determined the character of the 
industries established in the district, and manual workers 
with special skill in complex metallurgical operations 
have been evolved. These workers, when home employ- 
ment failed them, carried their skill to other parts of 
the world, and so aided the economic development of the 
world’s metallurgical resources. 

_ The outstanding features of the district under con- 
sideration are the abundance and ready accessibility of 
ite coal supplies, and the varied character of the coals, 
which include long flaming bituminous varieties, ex- 
tremely pure anthracite, and almost every intermediate 
kind of coal. Some of them were early recognised as 
being specially suitable for certain metallurgical opera- 
tions, and this decided the location and development of 
the typical industries. 

_ The occurrence of accumulations of blown sand with 
just sufficient admixture of finely comminuted sea shells 
to give the necessary bond at a high temperature, when 
used for furnace hearths, antiated’ the development of 
the copper industry. The discovery, about a century 
ago, that the very pure silica rock found in the Basal Grit 
could be used to make very refractory bricks which do 
not shrink on heating, rendered possible high-temperature 
metallurgical operations, and made the name Dinas 
famous everywhere. An adequate supply of water, 
and a natural port capable of furnishing ample accom- 
modation, added to the great advantage of being the most 
westerly port of industrial Europe, with ready access 
to eg maritime trade routes, might have been 
expec to lead to even greater expansion than has 
actually taken place. If a region so richly endowed 
by nature has suffered disapointment the logical 
inference is that an explanation must be sought in the 
shortcomings of the human element that somehow failed 
to make the most of the great advantages. 

_The smelting of copper was early established in the 
district, and by the decade 1850-60 it enjoyed a practical 
pee te | of the copper-smelting tonto The copper 
miners of the world paid tribute to the metallurgical skill 
of the Swansea copper smelters, and the Welsh process 
of copper smelting remains to-day, though not now 
tend ge @ classical example of a metallurgical art 

rought to a high degree of efficiency by the genius and 
persistence of practical men. Unfortunately, no attention 


was paid to the law of economic science which lays down 
that only those commercial transactions that are 
beneficial to both seller and buyer are of real and 
permanent value to the industry concerned. The mine 
owners of Chile and other countries, who exported their 
ores to Swansea, considered—probably with good reason 
—that those who controlled the smelting monopoly dealt 
unfairly with them. Copper-smelting plants were 
erected abroad, and the copper industry of Swansea 
received a blow from which it never recovered. Swansea, 
indeed, could not have maintained rmanently its 
premier ition as a copper-smelting district, for vast 
ore supplies have been discovered which could not have 
been profitably imported, but sufficient supplies were 
always available had the industry expanded normally. 
The natural resources and facilities of the district are 
unimpaired, but a new factor has been introduced which 
cumalioates the problem. The metallurgy of copper 
has made stupendous advances, and lean ores of vast 
extent are cheaply mined in certain districts. Metal- 
lurgical processes dealing with charges much greater than 
even those of the iron and steel industry have been 
worked out, and water-jacketed blast furnaces working 
a total charge of 3,000 tons per 24 hours have been 
operated in America for years. Converters handling 
80 tons of matte and blowing for 8 hours are in successful 
operation. Electrolytic plants ae large quantities 
of anode copper are at work, and refining furnaces dealing 
with charges of 220 tons of copper are used with very 
low fuel consumption. In the utilisation of these lean 
ores the trained metallurgical engineer has had his 
great opportunity in the application of scientific principles 
to industrial problems. His striking triumph deserves 
the careful consideration of those engaged in other 
metallurgical industries. 

The spelter industry, in which metallic zinc is produced, 
is a second local industry, the changing fortunes of which 
merit careful consideration. Eminently suited to the 
district, and conveniently situated for the importation 
of ores, it reached substantial proportions. Long before 
the war it had ceased to expand, a sure sign of decay 
in an industry for the product of which the world’s 
demand was increasing by leaps and bounds. The 
metallurgy of zinc is apparently simple, but in reality 
it is more complex than that of any other industrial 
metal used on a large scale. While the easily-smelted 
calamine ores were available, the Swansea spelter 
industry could hold its own, and ignore the changes 
through which the industry was passing elsewhere. 
But when flotation methods had been perfected, and 
the concentrates of the complex ores of Broken Hill 
(Australia) were available for smelting, the metallurgical 
practice of the Swansea district failed to make use of 
its og as am The industry stagnated locally while 
great developments went on in other places, and on the 
outbreak of war, out of a total consumption of over 
200,000 tons of spelter per annum in this country, nearly 
three-quarters had to be imported. The complex ores 
of our own Colonies had to find their market in Belgium 
and Germany, where the metallurgical skill and com- 
mercial ability to utilise them could be found. In the 
Swansea district such sulphide ores as were used were 
roasted so as to deliver into the atmosphere the sulphurous 
gases, which destroyed vegetation in the immediate 
neighbourhood. In Belgium sulphuric acid was made 
from these gases, and the spelter industry could earn 
handsome profits. This pre-war stagnation of the 
British spelterjtrade stands on record as a typical case 
of the consequences of an industry neglecting to observe 
changing conditions and ignoring the scientific principles 
on the application of which the success of the industry 
depends. 

o-day the conditions are different. Under outside 
pressure smelting extensions have been erected, acid- 
recovery plants are in course of erection, and the industry 
is in process of rejuvenation. But with all the extensions, 
built and projected, the total smelting capacity will 
only amount to about half the national consumption 
before the war. This is far from meeting the demand of 
the Empire for smelting facilities for the ores it does and 
can produce. The American zinc smelting centres are so 
situated that they cannot deal with them, and are 
sufficiently occupied in exploiting their own ore reserves. 
Australia, owing to climatic and other conditions, cannot 
smelt her great —-- of complex ores. Only Great 
Britain, Belgium, and Germany remain to be considered. 
The moral is obvious. Research has been in progress 
during recent years. Electric furnaces for zinc distilla- 
tion have reached such a stage that a commercial process 
might be announced at any time. The electrolytic 
method of obtaining pure zinc has long passed the 
experimental stage, and large plants are in operation. 
One in America now approaching completion will have 
an output nearly equal to the whole British output 
before the war. The future of the spelter industry will 
rest with those who can efficiently apply the principles 
of science to its changing conditions. Only large plants 
will be able to afford the necessary skilled supervision, 
to — out and profitably apply the research work 
required, and to deal with the commercial problems 
involved. A recognition that the old era has come 
to an end and a new one commenced is the first require- 
ment for a successful future for the spelter industry of 
the district. A grouping of the smaller units would 
perhaps be the best guarantee of their future stability. 

These two examples of typical industries which, despite 
the favourable circumstances of their location, have 
suffered such vicissitudes, have been cited because they 
serve to illustrate the danger which attends any industry 
which fails to look ahead and to prepare iteelt to solve 
those problems which the progress of science and changing 





* Abstract of a lecture delivered at Swansea, da 
October 18, during the meeting of the Refractory 
Materials Section of the Ceramic Society. 


conditions are always presenting. The in- 
fraction or neglect of the laws of science, economic as well 
as physical, carries with it a dire penalty which none may 





escape. 





CATALOGUES. 


Drawing Pencils—The American Lead Pencil Com- 
pany, 173, Lower Clapton-road, E. 5, send a pamphlet 
catalogue dealing with pencils for the drawing office 
and containing some useful memoranda and clever 
mechanical drawings in perspective. They offer to send 
a booklet free on request. 


Steam Condensers.—A somewhat comprehensive series 
of machines for condensing operations is described in a 
catalogue received from the Wheeler Condenser and 
Engineering Company, New Jersey, U.S.A. Surface 
condensers in several forms, jet and barometric con- 
densers, air, water and dry vacuum pumps, natural 
and forced-draught water cooling towers, and other 
items of such plant are well illustrated and described. 
Most of the plant is on the large scale. Some useful 
technical data is also given making an exceedingly 
compact and instructive catalogue. 





Tue Furvure or tHE DutcH Inpies: THEIR Coat 
Resources.—A Bremen correspondent of the Weser 
Zeitung (August 5) professes to believe that Holland is in 

reat danger of having her colonies robbed from her by 

ngland or Japan, and claims that opinion in Holland 
has been converted to the belief that the only way for 
the country to save her colonial possessions in the Dutch 
Indies is to make them totally independent of the 
economic support of Holland, their Mother Country. 
With this object it will be mecessary to industrialise the 
colonies, which presents no very great difficulty, since 
large coal fields are in existence which will enable the 
colonies to dispense with English bunker coal, while, 
if the South Sea coaling stations were able to rely on coal 
from the Dutch Indies, the supremacy of England and 
Japan in an economic direction would be to a certain 
extent neutralised. There are, it is true, only two large 
coalfields, viz., the Ombilin mines in Sumatra, and the 
mine in Poeloe-Lavet, a small island near the South-East 
Coast of Borneo. The total output of coal is not 
sufficient at present to meet the requirements of the 
Dutch Indies, but the deposits are so rich that its 
extraction would pay well, especially as in quality it is 
equal to foreign coal. The Ombilin mines are estimated 
to contain 200,000,000 tons, of which between 1892 and 
1914 only 5-8 million tons in all were extracted. This 
was due to the sparse population of Sumatra and Borneo, 
and to the difficulty of obtaining labour, e ially as 
the Javanese are indolent, averse to leaving their homes 
and in other re ts are reckoned indifferent workers. 
Opposition to the idea of industrialising the Dutch Indies 
is expre: in many quarters; but as it is becoming 
more and more necessary in the interests of national 
defence, Holland will certainly devote herself after the 
war to removing the difficulties by employing much 
capital and all possible vigour. 


SynTHETIC PHENOL.—Benzene, CgH¢, is a chemically 
indifferent liquid hydrocarbon. When one hydrogen atom 
is replaced by OH, phenol is formed CgHs.0H ; though 
also known under the name carbolic acid, phenol is a 
neutral crystallised, hygroscopic substance; metals 
taking the place of the H in OH form salts with it, 
however, thus justifying the name acid. When three 
more hydrogen atoms of benzene are replaced by three 
groups of NOb, trinitro phenol or picric acid is formed, 
which is decidedly acid in character, and used with 
primers is a high explosive, though the crystals can be 
melted at 122.5 deg. C. and even be sublimed without 
decomposing. Phenol is utilised for pharmaceutical 
purposes, in the dye-stuff industry, for the manufacture 
of certain resin-like insulators (bakelite, &c.) and for the 
manufacture of picric acid. Before the war the United 
States required about 5,000,000 lb. of phenol — year ; 
by 1917 that figure had risen to 72,000,000 lb. Some 
phenol is found in coal tar, but most of it has to be 
manufactured from benzene. The conversion of benzene 
into phenol looks simple, and is not really difficult in 
factories; but the ordinary process is very wasteful. 
By means of fuming sulphuric acid the benzene is first 
transformed into the sulphonic acid CgHs5.803H, which is 
turned into a sodium salt ; this salt is fused with caustic 
soda to yield phenol and sodium sulphite ; the sulphite 
is utilised again in forming the salt in question. But 
a great excess of sulphuric acid has to be used, which 
afterwards has to be neutralised with lime ; to remove 
the calcium sulphate the solution is heated to 115 deg. C. 
and filtered ; this sulphate has next to no value, and 
some sulphate always remains in solution and has to be 
precipitated by carbon dioxide, as it would remain a 
disturbing factor in the subsequent operations, In order 
to reduce this waste of raw materials and of sulphuric 
acid in the first instance, Daniel Tyrer has recently 
passed benzene YY through the acid at temperatures 
up to 185 deg. C. Another process, wor out b 
L. M. Dennis, of the Cornell University, and Hans Bull, 
of the Barrett Company, New York, is deseribed by 
A. G. Peterkin in The Journal of Industrial and Engineer- 
ing Chemistry of last September. The main novelty lies 
inthesulphonation. Although the benzol sulphonic acid 
is only slightly soluble (to 3 per cent.) in benzene, the 
sulphonation and the extraction of this acid from the 
mixture of the sulphuric acid and the sulphonic acid can 
be carried out simultaneously by passing the benzene 
through perforated pipes into the acid, the liquids 
circulating through five extractors in such @ way that 
the two acids are separated. Dennis and Bull further 
do not add the dried sulphonic acid to the fused caustic 
soda, but resort to “liquid fusion” by passing the hot 
solution into the boiling caustic. In this manner labour 
and materials are said to be saved. 





